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SECTION | 


| NTRODUCTION 


An axial compressor rotor which incorporated splitter vanes 
was designed and tested by the Aerospace Research Lab‘), 

The test results were unusually successful. Following this, 
a selected blade element from this rotor was modeled by a 
two-dimensional rectilinear cascade with converged sidewalls. 
This cascade, which had rotatable splitter vanes at a fixed 
circumferential location, was tested in the Detroit Diesel 
Allison (DDA) cascade faci lity!*+3), The cascade performance 
data concurred with the rotor data. However, these cascade 
results also indicated that the splitter vane circumferential 
location and/or shape was not optimal. Hence, the overal] 
objective of this program was to experimentally determine if 
a preferred cascade splitter vane circumferential position 
existed in terms of blade surface Mach number distributions 


and overall cascade loss coefficient. 


This overall objective was accomplished by modifying the 
original cascade hardware to permit the splitter vanes to be 
moved in the circumferential equivalent direction with respect 
to the principal blades, The cascade was fully instrumented 
including static pressure taps (sidewall interpassage, blade 
surface, splitter vane surface, blade trailing edge, and 


exit sidewall), inlet total pressure and temperature 
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instrumentation, traversing cone probe in the exit f low 
field, test section angular position and probe position 
transducers, Experimental data from all of the instrumenta- 
tion were obtained with an on-line computer controlled data 
acquisition system. Schlieren photography was also used to 
obtain important information about the cascade inlet condi - 


tions. 


The aerodynamic characteristics of the cascade were deter- 
mined at a total of 41 test conditions. These included a range 
of static pressure ratios between 1.6 and the spill point at 
the design inlet Mach number of 1.46 for each of eight splitter 
vane locations, one of which was the original 50 percent 


spacing location. 


This report describes the above experimental research program 
and includes information about the final cascade design, 
instrumentation, data reduction procedures, and cascade per- 
formance results which demonstrate the effect of splitter 
vane circumferential location. Appendices cover data reduc- 
tion equations, the format for each data set, and the cascade 


performance data sets, 
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SECTION II 


CASCADE DESIGN 


The cascade was designed to be operated in the supersonic 
wind tunnel shown in Figure 1. This tunnel uses 10 Ib/sec 
of filtered, dried, and temperature controlled air and is a 
continuous flow, non-return type system. The exit of the 
test section is evacuated by steam ejectors which can main- 
tain an exit pressure of 6 psia at a flow rate of 10 Ib/sec. 
The boundary layers from the fixed nozzle blocks are removed 
through the upper and lower bleed ducts while an auxiliary 
steam ejector is used to remove the sidewall boundary layers. 
The facility also features a mechanized test section which 
permits a cascade of airfoils to be rotated while the tunnel 


is in operation. 


Although the cascade was designed during a previous contract 
(F33615-71-C-1766), some discussion of the cascade design is 
included in this report for the sake of completeness and 


clarity. 


A number of general factors should be considered in the design 
of a cascade experiment to investigate the flow characteris- 
tics of this type of compressor blading. First, considera- 
tion must be given to establishing the proper inlet flow 


conditions with the desired inlet velocity, flow direction, 
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and simulation of an infinite cascade, Second, the phi losophy 
employed during the design of the rotor blading results in a 
large area convergence in the rotor and a substantial amount 
of turning. This type of design does not lend itself to the 
conventional two-dimensional cascade experiment. In order to 
simulate the blade passage and exit flow characteristics, 

the experimental cascade must provide for area convergence. 
This was accomplished by using contoured sidewalls; however, 
the boundary layer characteristics along the contoured side- 
walls must be considered in detail. Third, the exit condi- 
tions must be set up correctly for they are no less important, 
or less difficult to simulate properly, than the inlet flow 
conditions. Another consideration of importance is the 

blade aspect ratio. Lastly, the experiment should be designed 
to yield the desired information in its final form at the 
conclusion of the experiment, i.e., with parameters of inter- 


est calculated and, where desirable, plotted. 


With respect to the cascade inlet conditions, consideration 
must be given to flow velocity, flow direction, and the 
establishment of a repeating flow pattern to simulate an 
infinite cascade. The following features are incorporated in 
the cascade design in order to provide the desired inlet flow 


conditions. 
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Top and bottom bleed system. The bleed system prevents 
the nozzle boundary layers from entering the cascade flow 
field. They also provide paths for spillage so that back 
pressure will not affect nozzle flow. Additionally, 
critical flow problems are avoided in rotating the cas- 


cade, 


Upstream wedge. A sharp wedge is independently mounted 
upstream of the cascade. The inlet flow direction is 
determined by the orientation of the wedge with respect 
to the airfoils. The cascade inlet Mach number is 
determined by the orientation of the wedge with respect 
to the nozzle flow, with the cascade inlet velocity 
controlled by either expanding or shocking the nozzle 
flow off of the wedge. This is accomplished by rotating 


the test section with respect to the nozzle. 


Schlieren system. An important aspect of the inlet flow 
field problem is the ability to verify that the conditions 
desired have been achieved. For this purpose a schlieren 
system is used to verify the inlet flow field, the flow 
off the wedge, and the operation of the top and bottom 
bleed system. It also can be employed to indicate when 


the cascade spill conditions have been reached. 














In order to obtain the desired distribution of stream-tube 


convergence and/or axial velocity-density ratio, the cascade 
sidewalls must be contoured. The presence of sidewalls as 
well as blade boundary layers will alter the imposed stream- 
tube convergence and an "effective'' axial velocity density- 
ratio will result. The control of sidewall boundary layers 
on stream-tube convergence was first evaluated theoreti - 
cally, and is discussed at some length in a previous report (*), 
The analyses indicated that for this type of experiment, it 
was advantageous to use the slot configuration illustrated 
in Figure 2, Evaluating the boundary layer growth on the 
sidewalls along the length of the nozzles yielded a &” of 
0.055 in. at the cascade inlet. Based on this, a bleed slot 
thickness of 0.075 was selected. This slot thickness was 


(2,3,4) 


used during the original program at which time surface 
parameters, such as static pressure and wall shear stress 
were evaluated experimentally. Because of the excellent 
theoretical/experimental results, this slot width was main- 


tained during the present experiment. 


The cascade must be designed so that the exit will have the 
correct velocity and flow direction and be characterized by 
periodic spatial flow conditions. The application of back 
pressure must be uniform along the cascade and should not 


result in nonperiodic flow conditions. Moreover, the cascade 
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must be designed so that the application of back pressure does 
not influence the inlet flow conditions -- at least until the 


spill condition is reached. 


A number of cascade exit configurations have been investi - 
gated with the DDA wind tunnel facility. These have included 
the use of single perforated tai lboards, double perforated 

tai lboards, and a dump diffuser. It has been found that the 
cascade design objectives with respect to the exit flow can be 
achieved through the use of a carefully designed dump diffuser. 
Best results are obtained if the diffuser is designed so that 
both end blades have fully developed wakes. Care must be 
exercised, however, to insure that there is no intercommuni - 


cation between the inlet and exit flow fields. 


In designing a two-dimensional compressor cascade, a factor 
of significance to be considered is the aspect ratio. The 
question of aspect ratio always arises in regard to the two 
dimensionality of the flow field. In the past, when testing 
subsonic two-dimensional compressor cascades, the widely 


recommended aspect ratio was in the range of 3-5. 


The development of the two dimensional supersonic compressor 
cascade with its very thin, low camber, low turning airfoils 
resulted in changes in the design considerations of the cascade, 
It was found that structural considerations were significant 


and that the questions of stress, blade deflection, and 
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flutter had to be resolved. These questions generally resulted 
in an acceptable value for the blade aspect ratio of approxi- 


mately 1.0. 


It is recognized that flow two dimensionality is intimately 
associated with sidewall boundary layer buildup. This fact 
was taken into consideration in the design of the DDA super- 
sonic wind tunnel. In designing the supersonic nozzles, the 
choice of flexible or asymmetric nozzles was eliminated 
because of their characteristically greater length, which 
would have resulted in large boundary layer growth. Solid 
nozzle blocks were chosen because they are inherently shorter, 
further, the aerodynamic design was selected to minimize the 
supersonic length while maintaining uniform flow conditions. 
In the case of the Mach 1.5 nozzles, the length from the 
throat to the test section, which is 8.0 in. high, is only 


10.65 in. 


The effect of tunnel configuration on two dimensional sub- 
sonic compressor cascade characteristics was investigated by 


(5) 


Erwin and Emery. Tests were run with aspect ratios from 
] to 4 and with different types of boundary layer bleed systems. 
It was found that essentially the same test results were ob- 


tained with aspect ratios of 1.0 and 4.0 when sidewall passage 


bleed was used. This indicates that aspect ratio is not of 











primary importance provided the Loundary layer thickness is 


insiqnificant. 


In the present case, as discussed previously, a slot bleed 

at the start of the contoured sidewall was used. Therefore 
the boundary layer thickness at the start of the contoured 
sidewall was zero. In addition, computations have shown that 
the boundary layer growth on the sidewalls through the passage 
will be negliqible. Thus an aspect ratio of one should result 
in minimal discrepancies and close simulation of quasi-two 


dimensional flow in this experiment. 


The cascade consisted of 6 blades and 5 splitter vanes as showr 
schematically in Figure 3. The location of the wedge used to 
establish the inlet flow field and the cone probe used to 
measure the exit flow conditions with its tip 0.4990 in. down- 


stream axially from the cascade are also shown. 


The windows and sidewalls were designed with the objective of 
maximizing visibility of the cascade inlet in the schlieren 
system. The windows extended downstream of the contoured side- 
walls to avoid optical problems associated with the window- 
window frame interface, The blade tips extended 0.050 in. 
(axially) upstream of the contoured sidewalls so that the 


blade locations were established clearly in the schlieren 
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photographs. The major parts of the top and bottom bleeds 
were visible so that proper operation could be confirmed with 


the schlieren. 


The blade profile, shown in Figure 4, was based on the stream- 
surface geometry of streamline number 10 of the previously 
referenced ARL rotor design. The blade contour points, the 
physical characteristics of the cascade, and the axial varia- 
tion in the stream-tube convergence, accomplished with the 
contoured sidewalls, are specified in Tables |, I1, and II1l, 


respectively. 


The profile of the ARL designed splitter vanes is shown in 
Figure 5 with a tabulation of the splitter vane contour points 
provided in Table IV. The splitter vanes were designed so 
that they would extend between the 50 and 100 percent axial 
chord locations. Also the mean camber line of the splitter 
vanes corresponded to the mean camber line of the blades in 
the same region. The thickness-to-chord ratio and the thick- 
ness distribution were consistent with the ARL criteria 
employed in the design of the comparable rotor, The thickness 
distribution was determined by designing an equivalent circular 
arc cascade blade with the same inlet and exit angles and the 


Same maximum thickness as the rotor blade. The thickness 


distribution of this cascade blade was then used for the 
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XS 
+.0005 
0352 
.0700 
1047 
.1395 
11744 
. 2093 
2443 
.2793 
3145 
. 3498 
. 3852 
4207 
4563 
4921 
«5280 
.5640 
.6002 
6365 
.6730 
. 7096 
7464 
. 7833 
8204 
. 8576 
. 8949 
£9325 
.9701 
1.0078 
1.0457 
1.0838 
1.1219 
1.1602 
1.1986 
1.2372 
1.2759 
1.3148 
1.3538 
1.3929 
1.4321 
1.4714 
1.5108 
1.5502 
1.5897 
1.6291 
1.6685 
1.7079 
1.7473 
1. 7866 
1.8259 


TABLE L 


BLADE CONTOUR POINTS 


XS 


+,.0021 


-0780 

.1538 

2294 

. 3047 

Peek dst 

4539 

5276 

-6006 

-6728 

- 7442 

8146 

. 8839 

9522 
1.0193 
1.0851 
1.1497 
L 2030 
1.2748 
1.3352 
1.3942 
1.4516 
1.5075 
1.5618 
1.6145 
1.6656 
L750 
1.7628 
1.8089 
L.8a35 
1.8960 
1.9370 
1.9763 
2.0139 
2.0497 
2.0839 
2 LLOZ 
2.1469 
2.1758 
2.2030 
2.2286 
YR Es i ae 
2.2748 
2.2955 
2.3146 
2.3323 
2.3486 
2.3635 
263771 
2.3894 
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xP ve 
+.0087 -.0021 
0486 0713 
0885 -1445 
1284 By Wy 
1682 . 2902 
2079 < O02 5: 
2476 - 4342 
2873 -5054 
3268 «2158 
3663 -6455 
4056 <tLao 
4449 - 7821 
4840 . 8490 
5229 -9148 
1. Oe .9794 
6005 1.0429 
6391 LOS 
6775 1.1660 
7158 L.2295 
7540 1.2837 
7920 1.3404 
8298 1.3956 
8675 1.4494 
9051 1.5016 
9425 L $523 
9797 1.6014 
1.0169 1.6490 
1.0538 1.6949 
1.0907 1.7393 
LeLZ74 1.7820 
1.1640 1.8232 
1.2005 1.8628 
1.2368 1.9068 
1.2730 LO374 
1. 3090 1.9724 
1.3449 2.0061 
1.3807 2.0383 
1.4163 2.0692 
1.4518 2.0988 
1.4872 @eherd 
1.5225 2.1543 
LeSo79 2.1803 
1.5930 2.2053 
1.6282 2.2293 
1.6634 2.2523 
1.6985 2.2745 
1.7338 2.2959 
1.7690 2.3166 
1.8043 2.3366 
1.8397 2.3560 
@2531 











TABLE II 
CASCADE PHYSICAL CHARACTERISTICS 


Chord 3.004 in. 
Axial Chord Teoaoe AM. 
Blade Spacing 15010° in. 
Blade Span-Inlet Plane 2.861 in. 
Blade Span-Exit Plane Ley tin 
Max. Thickness/Chord Ratio .03614 
Metal Angle-Leading Edge Pressure Surface Cyne sa ly Pe 
Metal Angle-Leading Edge Suction Surface 65.479° 
Mean Camber Angle-Leading Edge 63.448° 
Mean Camber Angle-Trailing Edge oo 534° 
Stagger Angle 52), 316" 
Camber Angle 40.913° 
Solidity Hee 

TABLE LILI | 


STREAM-TUBE CONVERGENCE 





Axial Distance Sidewall Spacing | 
in. in. 
0 2.868% 
. 368 2.580 
«136 2.236 
1.104 192d { 
1.472 1.65€ 
1.840 1.485** 
2.116 Le 397 


* This would have been the sidewall spacing at the blade 
leading edge; however, the sidewalls were shortened 0.030 in. 
to permit visibility of the blade tips in the schlieren 
image. 


*x This is sidewall spacing at blade trailing edge. 
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TABLE iV 
SPLITTER VANE CONTOUR POINTS 


Station XS YS XP x2 
1 +.92075 +1.61292 +.92826 +1.60738 
2 .93010 1.62755 .93954 1.62045 
3 .95100 1.65932 .96446 1.64896 
4 .97206 1.69039 .98921 1.67696 
5 .99333 1.72076 1.01375 1.70439 
6 1.01476 1.75044 1.03812 1.73131 
7 1.03638 1.77940 1.06234 1.75765 
8 1.05816 1.80765 1.086 36 1. 78348 
9 1.08009 1.83521 1.11024 1.80874 
10 1.10218 1.86207 1.13397 1.83346 
ll 1.12441 1.88821 1.15756 1.85766 
12 1.14678 1.91366 1.18100 1. 88130 
13 1.16928 1.93838 1.20430 1.90440 
14 1.19192 1.96241 1.22749 1.92698 
15 1.21466 1.98575 1.25055 1.94902 
16 1.23753 2.00838 W275 1.97052 
17 1.26049 2.03033 1.29636 1.99151 
18 1.28354 2.05160 1.31912 2.01197 
19 1.30670 2.07217 1.34179 2.03193 
20 1.32994 2.09207 1. 36436 2.05138 
21 1.35325 2.11130 1. 38686 2.07034 
22 1.37663 2.12986 1.40930 2.08880 { 
23 1.40007 2.14776 1.43166 2.10677 
24 1.42358 2.16502 1.45397 2.12428 
25 1.44713 2.18161 1.47625 2.14132 
26 1.47071 2.19700 1.49845 2.15791 
27 4.49455 2.21246 1.52064 2.17405 
28 1.51801 2.22769 1.54279 2.18976 
29 1.5417] 2.24184 1.56492 2.20505 
30 1.56540 2.25540 1.58704 2.21993 
31 1.58913 2.26837 1.60913 2.23441 
32 1.61285 2.28079 1.6312] 2.24850 a 
33 1.63660 2.29265 1.65328 2.26221 
34 1.66033 2.30309 1.67538 2.27556 
35 1.68406 2.31480 1.69746 2.28859 
36 1.70778 2.32512 1.71955 2.30126 
37 1.73149 2.33407 1.74164 2.31363 
38 1.75520 2.34433 i. 76376 2.32568 
39 1.77888 2.35323 1.78589 2.33745 
40 1.80256 2.36173 1.80802 2.34895 
41 1.82618 2.36981 1.83023 2.36021 
42 1.83322 2.37220 1.83687 2.36359 

















TABLE V 


SPLITTER VANE PHYSICAL CHARACTERISTICS 


Chord 

Axial Chord 

Blade Span-Inlet Plane 

Blade Span-Exit Plane 

Max. Thickness/Chord Ratio 
Mean Camber Angle-Leading Edge 
Mean Camber Angle-Trailing Edge 
Stagger Angle 

Camber Angle 


L.285. in. 
-916 in. 
2.060 in. 
E477) a. 
045 
Sites Ae 
22.924° 
39 ..754° 
30 .588° 











splitter vane. Finally, the mean camber line of each splitter 


vane was located midway between the mean camber lines of any 
two adjacent blades. Table V shows the splitter vane physical 


characteristics. 


The objective of this program was to determine experimentally 
the effect of splitter vane circumferential location on the 
cascade flow characteristics. In addition to testing the 
cascade with the splitter vanes at the design setting, the 
cascade was investigated with the splitter vane at various 
circumferential locations on either side of the design. This 
was accomplished by mounting the splitter vanes on a sliding 
bar, as is shown in Figure 6. It should be noted that the 
original cascade sidewall] contour was maintained on this 
sliding bar. The principal blades were locally slotted to 
allow for splitter movement when assembled. Circumferential 
movement of the splitter bar was possible without a complete 
teardown of the cascade. This was accomplished by means of a 
locknut as shown in Figure 7, which was located in the probe 
survey slot. With the desired circumferential location 
attained, the locknut was retightened and the testing resumed. 
Although not utilized in this experiment, the splitter vane 
rotatable reset feature of the original program 293) was 


kept intact in the present program, 


Figure 8 shows a three-quarter view of the earlier configuration 


cascade assembly, with windows, bleed ducting, and manifolds 
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visible. The method of running static tap tubes out of the 


ducts and manifolds is also illustrated, 


Figure 9 presents a close-up of the tunnel with the cascade ijn 


place. A probe traversing mechanism is mounted on the rotor 
over the window. One of the bleed ducts attached to one of 
the manifolds as well as some of the schlieren apparatus are 


shown. 


A total of 41 test conditions were investigated with the 
described cascade. Variables considered included static 
pressure ratio and circumferential splitter vane location at 


a constant inlet Mach number of 1.46. 
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SECT NON: (iat 
INSTRUMENTATION 


The wind tunnel used in this program is equipped with a 
sophisticated instrumentation system for the investigation 
of airfoil aerodynamic and/or aeroelastic characteristics. 
The instrumentation system is designed around a laboratory- 
size digital computer to provide rapid on-line data acquisi - 
tion and reduction. This computer has a 32,000 word core 
memory with a 16-bit word length. Memory cycle time is 

0.90 usec. Peripheral equipment includes a CRT display ter- 
minal, 80 column line printer (350 to 1100 lines per minute), 
high-speed paper tape punch, high speed paper tape reader, 

an X-Y digital plotter, 16 channel 100,000 Hz analog to 
digital converter and multiplexer system, and a magnetic disc 


6 


storage unit with 2.5 x 10° word capacity. (See Figure 10.) 


The use of the computer makes it possible to acquire raw data, 
convert it to engineering units and make computations while 
the experiment is in progress. This enables personnel to 
evaluate the experimental data during the test and results 
in maximum collection of scientific and engineering informa- 
tion for any program investment. Decisions to repeat some 
phases of the test can be made instantly. Also, optimum 


running conditions can be determined as well as the need for 
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additional data to make the test more meaningful and nearly 


complete. 


The operating environment of the computer and instrumenta- 
tion system is a function of the experimental requirements. 
For aeroelastic (dynamic) airfoil cascade investigations, the 
wind tunnel capabilities include on-line control of instru- 
mentation, cascade excitation to produce unsteady operation, 
dynamic data acquisition, and analysis of time variant cas- 
cade performance. The system digitizes analog signals at 
rates up to 100,000 Hz and has an input capacity up to 16 
channels. Electronic switching of input signals to the multi- 
plexer will allow 32 channels of analog signals to be analyzed. 
High frequency signal conditioning equipment for strain gages 
and high response miniaturized pressure transducers are avaii- 


able, 


The objective of this program was to investigate the steady 
aerodynamic performance of an airfoil cascade, For this 

type of aerodynamic experiment, the computer is used for control 
of instrumentation, data acquisition, and data reduction. In 
the control mode, the computer operates a digital voltmeter, an 
electronic scanner, Scanivalve stepping motors, indexer for 
positioning the conical probe, and the computer peripheral 


equipment. 
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During wind tunnel operation, the computer is capable of ac- 
quiring automatically any data required to determine the 
performance characteristics of the cascade being tested. 
Pressure measurements are obtained by utilizing a Scanivalve 
system incorporating four 48 port rotary valves (Scanivalves), 
providing a total pressure measurement capacity of 192 pres- 
sures. Differential pressure measurements are obtained from 
individual pressure transducers as required. In addition, 

up to 48 temperature measurements are possible. Other necessary 


wind tunnel data which are determined by the computer include 





test section angular position (used to define the cascade 
inlet Mach number and flow direction) and conical probe posi- 


tion (angular, horizontal, and vertical). 


During data acquisition, the computer performs two additional 
functions which can be easily accomplished by an on-line 
acquisition system. The first seven ports on each of the 
four Scanivalves are used for three reference calibration 
pressures, Each time the computer initiates a set of pres- 
sure readings the calibration pressures are measured, provid- 
ing direct on-line calibration of the Scanivalve pressure 
transducers, Secondly, the wind tunnel total pressure and 
total temperature are monitored during data acquisition of 
each test point. If the pressure or temperature varies out- 


side a preset tolerance, the computer automatically presents 
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the out-of-limit reading(s) and waits for instructions. The 
immediate data can be rejected and remeasured, the data for 
the complete test point rejected and a new set of data 
initiated or the out-of-limits condition can be overridden 


and acquisition of data continued. 


The computer also reduces the cascade test data on-line. As 
the data are acquired, the computer analyzes the data to 
determine not only the test operating conditions but the com- 


plete performance characteristics of the cascade, 


The desired test condition is established manually. The on- 
line instrumentation system then automatically completes the 
test condition data acquisition and reduction. This includes 
defining the cascade inlet flow field, positioning a conical 
probe at discrete points in the cascade passage to determine 
blade-to-blade flow field properties at the cascade exit, 
mass averaging and mixing to uniform flow conditions the 
blade-to-blade data to determine exit flow properties and 
overall performance, calculating instrumented blade, instru- 
mented splitter vane, and sidewall passage performance, and 
plotting of instrumented blade and splitter vane parameters and 
blade-to-blade distribution of selected exit flow field pro- 


perties. For each test condition, a total of approximately 450 
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measurements are made to define the cascade performance. 
The measurements, calculations, and print-out (11 pages) 


require 1] minutes and the plotting requires 6 minutes. 


The specific instrumentation used with this cascade is 


Summarized as follows. 
e@ Inlet total pressure probe, 
e Inlet total temperature thermocouple. 


e 20 blade surface static pressure taps in cascade 
passage number 4, 10 on each of two blades. The 
location of each tap is included in each data set on 
the page of instrumented blade parameters. It should 
be noted that the first static tap on the blade suction 
surface was defective. Hence, the pressure measured 
by the second static tap on this surface was recorded 


for both taps throughout this experiment. 


@e Two static pressure taps on the pressure surface and 
3 static pressure taps on the suction surface of 
splitter vane number 4, The location of each tap 
is included in each data set on the page of splitter 


vane parameters, 


@ Pressure taps in the trailing edge at mid-span of 


cascade blades 4 and 5. 
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e Nine static pressure taps on one of the sidewalls 
approximately 1/4 chord downstream. One tap was at 
each midpassage and four others centered around 


blade number 4, 


@ A cone probe located 0.49 in. axially downstream 


from the cascade, 


e Probe position transducer, 


e Test section rotor angle transducer. 


e Schlieren optical system. 
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SECTION IV 
DATA REDUCTION PROCEDURES 


The DDA Research Department supersonic wind tunnel on-line 
instrumentation system automatically acquires data from the 
wind tunnel, converts the data to engineering units, and 
makes computations while the experiment is in progress. Cas- 
cade experimental data and performance parameters can be 
evaluated during the test with the cascade operating char- 


acteristics available when the test is completed. 


The wind tunnel on-line data reduction procedures to determine 
cascade aerodynamic performance parameters are described in 
detail in Appendix A. In general, the data reduction program 


calculates the following cascade performance parameters: 


e Cascade inlet flow field properties such as inlet 
relative Mach number, axial and tangential Mach 
number, mass flow rate, incidence angle, flow direc- 
tion, static and total pressure, total temperature, 


and Reynolds number. 


@ Cascade exit flow field properties at discrete points 
across the passage such as conical probe location, 
Mach number, axial and tangential Mach number, static 


and total pressure, total pressure recovery, flow 


direction, deviation angle, and turning. 











Mass-averaging of discrete data (Mach number, total 
pressure recovery, and flow direction) and calcula- 
tion of additional exit performance data such as 
total and static pressure, axial and tangential Mach 
number, total to static temperature ratio, and exit 


to inlet mass flow ratio. 


Cascade overall performance based on mass-averaged 
data such as static pressure ratio, total pressure 
recovery, velocity, density and static temperature 
ratio, total pressure loss coefficient, total pres- 
sure loss parameter, diffusion factor, equivalent 
diffusion factor, flow Reynolds number, static pres- 
sure rise parameter, deviation angle, turning and 


area ratio. 


Cascade exit and overall performance based on a 


mixing loss analysis of the discrete data. 


Instrumented blade data and parameters such as local’ 
surface static pressure parameters, pressure ratios, | 
net force and moment on the blades, and center of 


pressure, 


Instrumented splitter vane data and parameters such 
as local surface static pressure parameters and 


pressure ratios. 
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The on-line data reduction program also includes computer 
controlled plotting of cascade performance parameters, 
The instrumented blade and splitter vane local surface 
static pressure rise parameter is plotted along with the 


blade-to-blade cascade exit performance data. 


A detailed listing of data reduction equations is presented 


in Appendix A. 
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SECTION V 


DISCUSSION OF EXPERIMENTAL RESULTS 


An experimental investigation of the flow characteristics 

of this cascade was conducted after the cascade was modified 
to allow for quasi-circumferential movement of the splitter 
vanes. The effects of the addition of the splitter vanes to 
the cascade, as well as the splitter vane setting angle 


4f2) 


were previously evaluate « the tntent of this experiment 


was to determine the optimum circumferential location for the 





splitter vane at the design setting angle (39.76°) and the 


desiqn inlet Mach number (7.46). 


A synopsis of the experimental program is shown in Table VI. 

The cascade performance was investigated at eight splitter 

vane circumferential locations at the design inlet Mach number 

of 1.45. A total of 3 to 6 sets of data were obtained over a 

range of static pressure ratios at each splitter vane setting. 
Summaries of the common mass averaged performance parameters 
are presented in Table VII through XIV. Detailed data listings 
and performance parameters are included in the appropriate 


f appendix, as referenced with each data set. 
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TABLE VI 


SYNOPSIS OF TEST PROGRAM 


INLET RELATIVE MACH NO. = 1.46 
SPLITTER VANE 

CIRCUMFERENTIAL STATIC PRESSURE NUMBER OF 
LOCAT 1 ON RATIO RANGE DATA SETS 

50% (Nominal) 1.592 - 2.011 7 

52% 1.683 - 1.995 6 

55% 1.642 - 1.895 5 

607 1.625 - 1.965 3 

48% Va7to =. 2203 5 

4SY 1.706 - 1.987 5 

437 1.707 - 1.986 6 

38 1.593 = Z2s057 4 
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SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 


TABLE VII 





SPLITTER VANE CIRCUMFERENTIAL LOCATION = 50% 


P)o/P), MN)» 
1.592 1.019 
1.635 994 
1.686 .958 
1.752 924 
1.880 845 
1.949 805 
2.01] -769 
NOTE: 


P) 


] 
l 
] 
] 
] 
| 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 


2/P) 


-683 
+ / 50 
.818 
894 
941 
«995 


NOTE: 


See Appendix C for data. 


OMEGA 


158 
- 162 
atFl 
~175 
189 
194 
. 200 


DF 


390 
407 
-432 
-458 
-516 
547 
576 


TABLE VIII 


BETA). 


28.02 
28 . 33 
27.95 
28.07 
27.68 
27.49 
27.18 


SPLITTER VANE CIRCUMFERENTIAL LOCATION = 52% 


MN) 


-973 
Be brs 
-894 
851 
821 
. 783 


See Appendix D for data. 


OMEGA 


154 
. 163 
. 169 
174 
. 182 
194 
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DF 


422 
452 
-480 
0512 
~535 
564 


BETA). 


27.91 
27.90 
27.91 
27.79 
27.71 
27.58 





DEV 


-49 
.80 
42 
54 
~15 
-96 
-65 


fr EW Vw WA Ww 


DEV 


37 
«36 
. 38 
oa 
18 
04 
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TABLE 1X 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 55% 


P)o/P)y MN)» OMEGA DF BETA). DEV 
1.643 977 .178 419 28.09 5.56 
1.734 s919 - 193 461 27 .96 542 
1.794 .888 ~ 193 484 27.86 5.32 
1.848 85] - 203 aS1) 27.91 5.39 
1.895 .829 - 200 «bas 26.21 5.67 


NOTE: See Appendix E for data. 





TABLE X 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 60% 


P)o/P), MN)» OMEGA DF BETA), DEV 
1.625 943 «237 446 276 tO 4.63 
1.805 .849 » 232 514 27.55 5.02 
1.965 -770 226 -573 28.12 5.58 


NOTE: See Appendix F for data, 
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TABLE X\| 


' SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 487 


P)o/P)) MN) 5 OMEGA DF BETA), DEV 
1.718 «952 «tS? -439 27.29 4.76 
1.786 911 . 166 469 2Fit3 4.65 
1.836 .881 e172 -491 27.14 4.60 
1.964 -800 Pa be «O53 26 .87 4.33 
2.013 -773 194 «5/3 26.89 4.36 





NOTE: See Appendix G for data, 


TABLE XII 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 45 


P)o/P), MN), OMEGA DF BETA), DEV 
1.706 963 215) 431 27.30 4.77 
1.786 915 162 466 27.35 4 82 
1.822 .900 158 477 27.44 4.91 
} 1.918 842 169 520 27.30 4.76 

1.987 797 183 2554 27.30 4.77 


NOTE: See Appendix H for data. 
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TABLE XIII 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 437 


P)o/P)) MN). OMEGA DF BETA), DEV 
ba f07 -950 164 438 27.68 5.15 
1.790 -905 . 168 ~472 27.58 5.04 
1.856 867 174 -500 27 49 4.96 
1.917 .829 . 182 2529 27.28 4.75 
1.956 .800 193 651 27 «28 4.75 
1.986 ey ey - 200 «567 27.13 4.6 


NOTE: See Appendix | for data. 


TABLE XIV 


SUMMARY OF MASS AVERAGED CASCADE PERFORMANCE PARAMETERS 
SPLITTER VANE CIRCUMFERENTIAL LOCATION = 38% 


P)/P)y MN). OMEGA DF BETA). DEV 
1,593 1.003 179 406 26.46 3.93 
1.844 B46 210 518 26,73 4.20 
1.984 756 230 585 27.39 4,85 
2.057 ~ 704 244 -625 28,01 5.47 


NOTE: See Appendix J for data. 
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The experiment was initiated with the splitter vane located 
at the design (nominal-50%) tangential location. The 
resulting data is shown in Figure 1] together with the data 


(2) 


obtained and reported previously at the same splitter vane 
equivalent location, The agreement in the mass average exit 
Mach number and exit air angle data is excellent. The mass 
average loss level associated with the present cascade data is 
very slightly decreased as compared to the original test data, 
This is due in part to the tighter splitter vane-endwal] 
clearances maintained during the present experiment. These 
tighter clearances were attained because the splitter vane 


rotatable reset feature was not utilized in the current 


investigation. 


Upon completion of the nominal testing, the splitter vanes 
were displaced tangentially. Tangential movement is expressed 
in terms of percent displacement from the adjacent blade 
pressure surface. The nominal design tangential location is 


at 50”. 


Figure 12 shows some of the resulting cascade performance 
parameters as functions of the mass average static pressure 
ratio for splitter vane resets above 50%, i.e. movement of 


the splitter vanes nearer to the suction surface of the ad- 





jacent blade. For these cases, the changes in the cascade 
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mass averaged exit Mach number and air angle as compared to 


the nominal 50% data are small. The greatest decrease in 
the mass average loss level, approximately 57%, was realized 
at the 52% reset of the splitter vanes. Further tangential 
resets of 55% and 60% resulted in increased loss levels over 


the nominal location. 


The performance results for splitter vane resets less than 
50%, 1.6.2, movement of the splitter vanes meaner to the 
pressure surface of the adjacent blade, are shown in Figure 
13. Again, changes in mass average cascade exit Mach number 
are small as compared to the nominal data. Some slight im- 
provement in cascade turning exists for these resets, as 
illustrated by the lower level of the mass average exit air 
angle. Improvements in cascade loss level are realized for 
tangential resets of 48, 45 and 43%, with the largest gain 


being associated with the 45% reset. 


To establish the minimal loss tangential reset location of 
the splitter vanes, the loss level data at the cascade 
design mass average static pressure ratio of 1.85 was in- 
vestigated as a function of the tangential reset location. 
This data, presented in Figure 14, reveals that lower loss 
levels can be realized on either side of the nominal tangen- 
tial splitter location, with the minimum loss position 
associated with the 457% tangential location of the splitter 


vanes, 
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To more completely understand these results, a detai led 
examination of the resulting wake surveys was conducted. 
Figure 15 presents the results of the wake surveys for the 
splitter resets greater than 50% at a level of static pres- 
sure ratio near design. In this figure, the total pressure 
recovery is plotted versus the percentage of the passage 
surveyed, representative of the downstream wake behind blade 
4 and splitter 4. The mass averaged values of static pres- 
sure ratio and total pressure loss for the wakes are also 
noted along with an interpolated value for total pressure 
loss at a 1.85 pressure ratio. For purposes of discussion, 
the wake survey is considered as three regions, illustrated 
in Figure 15. These are the 1) blade wake, 2) splitter vane 
wake and 3) core flow loss wake. As can be seen, only 
trivial differences exist between the wakes for the nominal 


and the 527% tangential location of the splitter vanes. 


The major area of difference is associated with the splitter 
vane wake loss level. Further positive increases in the 
tangential reset position of the splitters results in 
increases in total pressure recovery in all three regions. 
The increased splitter vane wake losses associated with the 
positive resets may be related to the relative location of 
the splitter inlet flow field to the blade suction surface, 
resulting in an undesirable inlet incidence to the splitter 


vane, 
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Fiqure 16 is the wake survey study for splitter reset loca- 
tions less than 50%. Again, the resulting cascade mass 
average pressure ratio and loss levels are included. These 
negative resets result in generally lower splitter vane 
wake losses with a similar trend existing for the core flow 
portion of the cascade. Slight improvements in blade loss 
level also appear, with the 457% reset yielding the best 


combination of these loss levels. 


Figure 17 compares the two minimum loss tangential resets 

to the nominal wake survey. Again it can be observed that 
the 45% reset exhibits lower loss levels in all three 
regions of the survey, with the biggest gains appearing in 
the core and blade wake. [It should alse be noted that the 
pressure surface Mach number distribution of the 457% setting 


is also the most continuous at the conditions tested. 


Finally, examination of the blade suction surface static 
pressure data at the design inlet Mach number indicates the 
presence of the inlet shock wave impinging onto the suction 
surface near the 50% chord station, This is also the region 

i on the suction surface of the blade where curvature begins 

to increase rapidly. This combination of high surface curva- 
ture and shock wave impingement could result in a highly 
separated boundary layer caused by the interaction of the 


inlet shock wave with the suction surface boundary layer. 
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Once this condition is reached, 


the 


relative 


stream of the splitter vanes could make them 


turning the airflow. 
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location down- 


ineffective in 


SECTION VI 


SUMMARY AND CONCLUSIONS 


A cascade of blades incorporating splitter vanes was investi- 
gated over a range of static pressure ratios at a 1.46 inlet 
Mach number to determine a preferred splitter vane cir- 
cumferential location. The cascade modeled a selected blade 
element from an axial compressor rotor which incorporated 
splitter vanes. A total of 4] data points were evaluated 
over a static pressure ratio range between 1.6 and cascade 
spill for various circumferential splitter positions. 

After reviewing these data, the following conclusions were 


drawn. 


e Tangential splitter resets greater than nominal have 
little effect on cascade mass averaged exit Mach 
number and air angle as compared to the nominal loca- 


tion. 


e Small tangential splitter resets greater than nominal 
result in some improvement (5% at a 1.85 pressure 
ratio) in the mass averaged total pressure loss over 
the nominal location. These performance gains are 


associated with the wake loss of the splitter vane, 


e Circumferential splitter resets less than 50% result in 
increased cascade turning as compared to the nominal 


tangential location, i.e. lower mass average air angle. 


ce 62537 








Circumferential splitter resets between 43% and 487 
result in improved mass average loss level over the 
nominal location, with the 45% location yielding a 107 
decrease in loss level at a cascade pressure ratio of 
1.85. Resets less than 507% in general were less 
detrimental to cascade loss level than these greater 


than 50%. 


Circumferential resets greater than 50% result in 
increased splitter wake losses. This could be related 
to increased incidence on the splitter vane resulting 


from flow separation from the blading suction surface. 


Because of the close proximity of the impinging shock 


wave and the region of increased curvature on the 
principal blade suction surface, the effect of shock 
boundary layer interaction on the degree of separation 
from the surface is increased. Forward axial movement 


of the splitter may improve this condition. 
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APPENDLX A 
DATA REDUCTLON EQUATIONS 


fhis Appendix presents the data reduction procedures which are incorporated in 
the DDA wind tunnel on-line instrumentation system to analyze experimental data 
from supersonic compressor cascades. Figure 18 presents a sketch of the cascade 
flow field. 


1. NOZZLE EXIT CONDITIONS 


The DDA supersonic wind tunnel utilizes fixed converging-diverging nozzles to 
provide a supersonic flow field to the wind tunnel test section. The design 
Mach number of the fixed supersonic nozzles (Mn) has been experimentally 
verified in nozzle calibration studies. The wind tunnel total pressure (P, ) or 


nozzle exit total pressure is measured in a low velocity stagnation plenum with 
a total pressure probe. Likewise, the wind tunnel total temperature (Ty, Di Oe 


nozzle exit total temperature is measured in a low velocity stagnation plenum 
with a total temperature probe. 


2. CASCADE INLET CONDITIONS 


The cascade inlet flow field is established by a sharp leading edge wedge which 

is positioned upstream of the first blade in the cascade. The cascade inlet flow 

direction is determined by the orientation of the wedge with respect to the air- 

foils. The cascade inlet Mach number is determined by the orientation of the wedge 

with respect to the nozzle exit flow field. The inlet Mach number is established 

by either expanding or compressing (shocking) the nozzle flow about the wedge. 

this is accomplished by rotating the test section with respect to the nozzle. The 
undary layer thickness on the wedge has been established experimentally and is 

taken into account when positioning the wedge with respect to the airfoils. 

fhe degrees of expansion or compression of the nozzle flow field (A) is determined 

} 


DY: 


A = a = CSO" = Big) 


the wedge angle (6,.) is defined as the angle between axial direction and the wedge 
surface, including §oundary layer thickness. The test section angle (6,..) is 

defined as the angle between tangential direction and the wind tunnel axis (hori- 
zontal). By definition, if delta (A) is positive, the nozzle exit flow field will 
undergo an oblique shock and the resulting cascade inlet flow field properties will be 
obtained from the governing oblique shock relations. If delta is negative, the 
nozzle tlow field will undergo a Prandtl-Meyer expansion from which the inlet 
properties will be determined. 


Employing the governing equations, which are discussed in Reference 6, for either 
expansion or compression, one can establish the cascade inlet Mach number (Mn) 
based on delta. If the flow undergoes an oblique shock, the loss in total pres~ 
sure across the shock is also calculated to determine the cascade inlet total 
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pressure (Py wa 


inp le. 


total 


Additional cascade inlet flow field parameters are calculated as follows: 


Inlet 


Inlet 


Inlet 


Inlet 


Inlet 


Inlet 


for k 


The tnlet total temperature (Ty ) is assumed to be equal to the tunnel 


1 


temperature, 


static pressure Py 


t, 
~ kK 
 * k-1 
1 k- 2 
+ — 
{1 Mn] 
axial Mach number Mn 
X 
1 
M = M ~ > 
Mny Mn, cosh, 


tangential Mach number Mny 
1 


M = siné 
Mny Mnjsin6, 
if 
t 
total to static temperature ratio TT. 
1 
"Sy k-1 2 
—_.- = + — 
T, 2? 
Pr 
total to static pressure ratio ~ 
1 
Py . 
1 k-1 2, k-l 
desma = + — 
. ae"; 6! 


mass flow rate per passage per inch span m 


T 
T 
m, = P Mn f a a s 
RT, Ty) 


1 se 
1 


1 


ft-lb 


a. ee a ft-lb 
1.4, g = 32.175 ft/sec’, R = 53.34 1b-°R 
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The cascade inlet flow direction (81) is set equal to the wedge 
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Inlet dynamic pressure Q, 


1 2 
Q, in kP Mn) 


Inlet Reynolds number Ne 
1 


ime ee “f= 
oe, /ie T . 
yy 
* 


Suction surface incidence i 


Ss 
= RB -« 
S 1 5 
S SSik 
Mean line incidence i 
Me 
i. =6,-*« 
ML 1 ML 


3. CASCADE IDEAL PERFORMANCE 
The cascade ideal performance calculations employ sidewall static pressure taps 
at the cascade exit to assess the uniformity of the flow field and relate exit 


to inlet flow properties to establish the test condition. 


Mean exit sidewall static pressure P, 
A 


where: P, = Sidewall static pressure, 


n = Number of sidewall static taps 
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RMS deviation of sidewall static taps RMS 


RMS 


Ideal exit Mach number 


Mn. 


Ideal static pressure ratio 


Mn 


ps 2 
(BO = Bis) 
ee 
n 
where: P, 
a 
n 
ID 
Pe | ool 4 
- (6 * -1 
4 2 
A 
PR 


ID 


4. BLADE TRAILING EDGE PRESSURES 


Mean trailing edge pressure 


RMS deviation of trailing edge pressures RMS 


TE, 


where: Pi 


n 





where: 


n 


Sidewall static pressure 


Number of sidewall static taps 


Trailing edge static pressure 


Pi = Trailing edge static pressure 


Number of trailing edge static taps 


= Number of trailing edge static taps 
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5. INSTRUMENTED BLADE PARAMETERS 


Local static pressure rise parameter §S 


P - Pp 
Pe bat 
be 
where: Py = local surface static pressure, PSIA 
P ; 
‘ L 
Local surface pressure ratio p 
1 
P P 
Hs 2 ts, ee 
Pp ? 
r P 


Surface static pressure tap location % C, 
i 

Referring to Figure 19, one can determine the location of the blade surface static 

pressure taps on either the pressure or suction surface as follows: 


? 
rs 


—= (100) 


AG = 


a Tea 

cos =v / x Lae 

Oo (a, ¥ px. :o . 
C 


Blade forces and moments 


Figure 20 shows the coordinate system used for the identification of the surface 
static pressure taps along with the nomenclature and assumed directions for the 
calculations. Calculation of the blade forces due to the surface static pressure 
distribution can be completed systematically over the blade surface between the 
first and last static pressure taps. Treatment of that portion of the blade sur- 
face between the leading edge and first static pressure tap, as well as the 

surface between the last static tap and the trailing edge, depends either on 
estimation of the pressure distribution on those surfaces or On certain simplifying 
assumptions with regard to the leading and trailing edge pressures. This report 
assumes that at the leading edge the pressure on the pressure surface is equa] to the 
pressure on the suction surface. The same assumption is made at the trailing 
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e. Furthermore, if the pressure force between the leading edge and the first 
itic port acts on an area equivalent to the average of the pressure and suction 
urface areas orientated at an average surface inclination, the leading edge 


pressure cancels in the force summation. The same is true for the trailing edge. 


e force on the biade between the leading edge and first static pressure tap is 





etermined by 
} = F , ~- 
LI LEpe LE gg 
P ee P 
1 l 
PS Ss 
ON aie ei” ae sears Ag 
se “LE 
4 - & B. +B 
2 ea LE 
aa SE + - ON eee 
t[(X) - 4) tE ot Sag do CS ie 
where: Ag - —— - ia a i ea a 
LE 
f is Be +B 
: ae Pe OE LE 
- 3 + = ee 
{LX Xp? eG YE ra 2 Veg 
+ ——— gp aeage a a ee 





iverage surface angle between the leading edge and the first static pressure 


tap is: 





F.. = F » 
TE TE ; 
TES. TS. 
P = — 
"ps “Ss 
ea Yeas ae 
‘ TE 




















5 B+ B 
2 Diam ae| n 
( a— + (Y ~ —_____— 
rt x) ( TE 1 rk 2 ) tpg 
where: A _ —— 
2 
a Re aed 
2 yea ie 3 n 
(X - X sn 6 - ——_—___— 
t[ (Xie ¥ 3 (ng e ( 2 V3gg 
+ = = ee —— : rae 
2 
and Y S% y 2% 
tan (eS + tan i =e 
TE n PS TE n oo 
eRe Soe oar Correa se ert 


where: n = total number of surface static taps 


The force exerted on the nose of the blade due to the pressure distribution on th: 
circular leading edge is currently estimated by: 


; bs cos (1a) 
iia © ory Se 


i) 2B 
] 1-4a~ : 


where: a= .109216 In Mn, + SOO L) 


he force on the nose of the blade is assumed to act in a direction paralle] 
imber line at the blade leading edge. 


Even though classical methods of derivation have been used in deriving the 
efficient of drag, it will be noticed in the data that small negative values of 


drag were measured. It is believed that this is due to an underestimation of the 


bow wave force. 


The total axial force on the blade is now determined by: 


n-1 P. + Poy: n-1 Ps + P41 
i 8 a . : 
i) ahs a - *=+) A.sinB) oe - 4+—+"*) A.sinB],. 
Fy = | [¢ 9 ) Acsinb ] og x eG 9 ) A.sinB ]5¢ 
i=] {=] 
eee ee a eee ee a 
Mee AE Pag ee” Lae “OP 








i+ 
where: Ag = AL (4A) 
1 
pee: 
AQ = ee ak _ 
g [(X, 45 xX.) (Yiay x) ] 
- + 
6 = tan aneg We 
eat i 
B = mean line blade metal angle at the leading edge, degrees 


aay E 


n = number of surface static pressure taps 


Similarly, the total tangential force on the blade is: 


n=] oe a TY (atl Ie Aca 
i+ ; i+] 
Fy = 2 ia) ccc] =e hy cut) 
i=l F PS i=] ; SS 
+ -osp . (Osh + F NY sing,, 
Pre POPP” Pipg COE LEN Ml 


[he resultant force on the blade is calculated as: 


[The direction of the resultant force is: 


ferring again to Figure 20 one determines the moment exerted on the blade assuming 
clockwise rotation positive and calculated from the leading edge from the relation: 











n-1] Y + Y , + X 
+ i+ 
M, E : LF, ( i A 4) + Fy ( i = Ly) 
as i=] i \ i PS 
n-1 y +. ¥ X + Y + Y 
i+] i+] i ; LE ] 
= — 4 —___— + sing Se 
: [Fy ¢ 2 yt Be 2 )] Hg SIE eg Fy ) 
i=l i i Ss 
y Y ‘+ 
n TE LE 1 
+ a ey Se 
Fre Sineop ( )+ Fi, cosb,, ( ) 
sa ies: 
+ FP -osB oe 
Fre ©°58ag ae, 


coefficients are determined by dividing the force by 


The nondimensionalized force 
For cascades 


duct of inlet dynamic pressure, blade span, and blade chord. 


pri 
the average of the blade inlet and exit span 


. t 
where the blade span is not constant, 


is used. 


Axial force coefficient F 


Cy 
a ne ae 
i +B 
: (2 ath C 
Q, 7? 
Tangential force coefficient F,, 
Cc 
¥ 
eens An 
ex B.+B 
Bh EZ : 
Q,¢ 9 KS 
Resultant force coefficient F, 
G 
R 
A ees ee 
a B_.+B, 
R ae) c 
f L 2 


coefficient is determined by dividiag the moment by 
span, and blade chord squared. Again 
is not 


The nondimensionalized moment 
inlet dynamic pressure, blade 


the product of 
inlet and exit span is used when the blade span 


the average of the biade 


constant. 

















Moment coefficient Mo 


Drag coefficient C 


The drag coefficient is calculated by assuming the drag force acts parallel to the 
blade chord: 


C 


F cos (180. - ¥ + 6.) 
Dy CR F 


Life coefficient C 
“ 


The lift coefficient is calculated by assuming the lift torce acts perpendicular to 
the blade chord: 


Cc = F sin (180 - y + 8.) 
Ly Cp F 


Center of pressure Cy 
LE 


The center of pressure is determined as percent of chord from the blade leading 
edge; 


M 
c a ok frp) 
FC 


6. INSTRUMENTED SPLITTER VANE PARAMETERS 


Local static pressure rise parameter §$ 


p+ bt 
1 
where: PL = local surface static pressure, PSIA 
“ 
Local surface pressure ratio Pp 
H 
Vs 
= a 
+ 
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7. CASCADE LOCAL EXIT PERFORMANCE 


The local cascade exit conditions are determined by positioning a five port 


conical probe at discrete points across the cascade passage. The conical probe 
has been calibrated over a Mach number range of .35 to 1.80 at various incidence 
angles. The conical probe calibration procedure is discussed in Reference 7. 
Using the calibration data, the wind tunnel on-line data acquisition system 
determines the flow Mach number (Mn, ), flow total pressure (P ), and flow 


direction relative to the conical nos centerline (8, ) at zoe discrete point at 
the cascade exit. The local exit flow direction elerencad to the engine axial 
direction (85) is determined by: 


ie ai 


WD 


5 Bp 
where: Yp = Probe angle (angle between probe 
centerline and engine tangential 
direction), degrees 


Knowing the local exit Mach number, total pressure, and flow direction, one 
calculates the following local pertormance parameters. 


Local exit axial Mach number Mn, 
2 


Local exit tangential Mach number Mn, 


2 
M = 7 2 
Mny Mn, sinb, 
Local exit static pressure P, 
Pp 
z 
{Dae Ra eee 
mee 
P = k 
2 k=-1 ,2 
+ —_—— 
Ox 9 Mn.) 
Local exit total pressure recovery PR 
r 
Bas 
ae 
R P 
p 
*] 
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= 8 


me a ee = 


Local exit deviation angle 6° 


4° 














where: k = mean line blade metal angle 
ML ; 
TE at the trailing edge, degrees 
Local exit turning angle Af 
Ap = By — B, 
Local exit total temperature T, 
2 
I = T 
1 , 
2 Hy 
a 
Local exit total to static temperature ratio T 
2 
le = ; 
a = + — 
7 tiie lea 
2 
Local exit mass flow rate per inch span m, 
[(P,Mn, 7 ee + (P Mn, <8 
2 e 2 4 2 T 
2 2 
Ne 8 Ser sock pokes 
2 


where: 
Local exit flow velocity Vy 
Pe 
Vy Mn, v Ss ;. 
2 


8. MASS-AVERAGED CASCADE EXIT CONDITIONS 


Y 


= Conical probe tip tangential 
location, inches 


= Discrete point at which conical 
probe measurements are taken 


The mass-averaged cascade exit conditions are determined by mass~averaging of the 
local exit data (Mach number, flow angle, and total pressure recovery) using the 


relationship: 


a ree ye 


7! 


82531 
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exit conditions. 


Mn 
X 
2 


* 


Mass-averaged axial Mach number 


Mn 


2 


Mass-averaged tangential Mach number 


Mn 


2 


Mass-average total pressure 


Mny 


cosh, 


M 
"Yy 


2 
sinb, 


P, 
T, 





n-1 [ss fae 
z Z a ant Sree das are Ate eon Oo 
ie, P 4 Ty 0 141, 141 Pd ggg Ey) 
i=] i i+] 
<f> = = se acres cose arose reesei sp ra=sse-aer fre iaps ste sea asekei-areece si ssn basses ass a = 
n-1 Ty T, 
—) + =, Y - Y 
Me ace r+ PyaMOy set et Bia te 
i=l i i+] 
where 
i = Probe measurement station 
n = Total number of points 
f; = Discrete data to be mass-averaged 
Pi = Local static pressure, psi 
Mn. , = Local axial Mach number 
Ky 
T/T) = Local total to static temperature ratio 
Y, = Conical probe tip location in tangential direction, in. 
<f> = Mass averaged variable 


The following cascade exit parameters can be determined from the mass-averaged 








Mass-averaged static pressure P, 


2 
Pe 
2 
P, on et = 
[1 + Ee Mn? ] a 


Mass-averaged total temperature Ty 


2 
I me CES 
r, I 1 
ies 
oe 
Mass-averaged total to static temperature ratio “a 
2 
2 
2 k-1 2 
oy yo) eit {n 
ad, 2 2 


ys ; F 2 
Exit to inlet mass ratio =z 
m 
] 
rc fs 
/ keg ys 
P Mn. | = =a 18 
; zk, J RT, f ry 5 
- - 4.» 
m B 
i L Wed 


where: s = Blade spacing, in. 


G = Exit to inlet span ratio at 
lp the probe measuring station 


9. MIXED EXIT CONDITIONS 


The local cascade exit discrete data can be "mixed-out" using the conservation 
equations of one-dimensional gas dynamics to obtain the cascade exit properties 
in terms of a uniform exit flow field. The technique and applicable relationships 
for "mixing-out" the cascade discrete data are presented in Reference 8. The 
results of the mixing equations are the "mixed-out'" Mach number (Mn,), flow angle 


(f,), total pressure (Py ), and total temperature (T,, ). From thesé four mixed 
2 5 4 

exit properties, additional cascade exit performance parameters such as those 

described for the mass-averaged exit conditions can be determined. 


10. CASCADE OVERALL PERFORMANCE 


The cascade overall performance parameters for either mass-averaged or mixed exit 
conditions are presented below. q 
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Velocity ratio v. 
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Tangential velocity ratio vy 
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Density ratio = 
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= EA, Goa 
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2 
T 
Static temperature ratio 7- 
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Total pressure loss coefficient w 
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P. = Pp 
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Total pressure loss parameter Ww 
Pp 
Pe een Fe 
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Diffusion factor De 
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Equivalent diffusion factor 


Vv 


De i te Po? 268 
f V 
eq 2 
AV 
Tangential velocity change — 
V 
1 
} 
v, Vy. 
: = 1 -—= sinB, 
V; ( Vy )) sin 
1 
Reynolds number N 
ky. 
RT 
P : 
N. 12 2 Mr > 2 
R ee te 
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Static pressure rise parameter S 


Deviation angle 6° 


Turning angle Ag 


as = 6, - 6 
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APPENDIX B 
COMPUTER PRINT-OUT ILDENTIFICATLON 


The supersonic wind tunnel on-line instrumentation system yields eleven pages 
of computer print-out describing the cascade aerodynamic performance for each 
test condition. This Appendix briefly describes the contents of the computer 
print-out, the nomenclature used, and provides tables to simplify the location 
and identification of selected cascade data items. The computer print-out 
nomenclature is shown in Table XV. 


On the first page of the print-out following the title lines, five entries 
appear which describe the test point operating conditions: splitter vane setting 
angle, cascade inlet Mach number, cascade ideal static pressure ratio, the 
cascade blade behind which the conical probe data was taken, and the conical 
probe axial location behind the blade row. 


The second entry on the first page of print-out presents miscellaneous test 
section data including the conical probe position in the exit flow field, test 
section angular position, and the wind tunnel total temperature. 


The last entry on the first page describes the flow properties across a sharp 
leading edge wedge which is used to expand or compress the nozzle exit flow to 
establish the cascade inlet Mach number and flow direction. 


The second page of computer print-out presents a listing of the pressures 

measured on the four Scanivalves and the splitter vane physical design parameters. 
Tables XVI and XVII identify the pressures by Scanivalve and port number. The 
first seven ports of each Scanivalve are used for reference calibration pressures 
with alternate ports thereafter connected to a vacuum source to eliminate 
transducer hysteresis and minimize pneumatic settling time. From these pressures, 
the cascade performance presented on the fourth through seventh pages of the 
print-out are determined. 


The first entry on the third page of the print-out consists of two lines 
describing the cascade physical design parameters. The second entry presents 
the nozzle exit flow field properties. Identification of these items are 
presented in Table XVIII. 


The last entry on the third page describes the cascade inlet flow field 
conditions. Identification of the cascade inlet parameters are presented in 
Table XIX. 


The first entry on the fourth page of the computer print-out is the cascade 
ideal performance based on sidewall static pressures. Included is a listing 

of the pressures presented on the second page of the print-out for the sidewall 
static pressure taps. From these pressures, a mean exit static pressure and 
RMS deviation are calculated along with the same parameters for the mid-passage 
static pressure taps. The cascade ideal exit Mach number and ideal static 
pressure ratio are determined from the mean exit static pressure. 





APPENDIX B 
COMPUTER PRINT-OUT IDENTIFICATION 


The supersonic wind tunnel on-line instrumentation system yields eleven pages 
of computer print-out describing the cascade aerodynamic performance for each 
test condition. This Appendix briefly describes the contents of the computer 
print-out, the nomenclature used, and provides tables to simplify the location 
and identification of selected cascade data items. The computer print-out 
nomenclature is shown in Table XV. 


On the first page of the print-out following the title lines, five entries 
ippear which describe the test point operating conditions: splitter vane setting 
angle, cascade inlet Mach number, cascade ideal static pressure ratio, the 
cascade blade behind which the conical probe data was taken, and the conical 
probe axial location behind the blade row. 


the second entry on the first page of print-out presents miscellaneous test 
section data including the conical probe position in the exit flow field, test 
section angular position, and the wind tunnel total temperature. 


The last entry on the first page describes the flow properties across a sharp 
leading edge wedge which is used to expand or compress the nozzle exit flow to 
establish the cascade inlet Mach number and flow direction. 


The second page of computer print-out presents a listing of the pressures 

measured on the four Scanivalves and the splitter vane physical design parameters. 
Tables XVI and XVII identiiy the pressures by Scanivalve and port number. The 
first seven ports of each Scanivalve are used for reference calibration pressures 
with alternate ports thereafter connected to a vacuum source to eliminate 
transducer hysteresis and minimize pneumatic settling time. From these pressures, 
the cascade performance presented on the fourth through seventh pages of the 
print-out are determined. 


The first entry on the third page of the print-out consists of two lines 
describing the cascade physical design parameters. The second entry presents 
the nozzle exit flow field properties. Identification of these items are 
presented in Table XVII]. 


The last entry on the third page describes the cascade inlet flow field 
conditions. Identification of the cascade inlet parameters are presented in 


lable XIX. 


The first entry on the fourth page of the computer print-out is the cascad 
ideal performance based on sidewall static pressures. Included is a listin; 
of the pressures presented on the second page of the print-out for thi idk 
Static pressure taps. From these pressures, a mean exit static pre ire 

RMS deviation are calculated along with the same parameters for the 

static pressure taps. The cascade ideal exit Mach number and ideal 
pressure ratio are determined from the mean exit static pressure 
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The second entry on the fourth page consists of the cascade blade 
trailing edge pressures, the arithmetic mean of these pressures and 
the RMS deviation. 


The fifth page of the computer print-out describes the sidewall 
boundary layer bleed system performance including sidewall slot 
pressures, sidewall boundary layer bleed flow rate, and the ratio 
of bleed mass flow rate to total cascade inlet mass flow. 





The sixth page of the computer print-out describes the instrumented 
blade and splitter vane parameters. The first entry presents the 
static pressure distribution on the cascade blade surface along 

with associated columns describing local performance character- 
istics and static tap locations in terms of percent chord. The 

last item in each column is for the blade trailing edge static taps. 
The trailing edge static pressure used in the calculations was based 
on the average of the measured trailing edge pressures in blade 
numbers 4 and 5 (instrumented on the suction surface and pressure 
surface, respectively). Following the local surface performance 
characteristics are several additional parameters summarizing the 
instrumented blade performance. The last entry on the sixth page 
presents the static pressure distribution on the splitter vane 
surface along with associated columns describing local performance 
characteristics and static tap locations in terms of percent chord, 
Table XX provides additional identification of the entries on 

the sixth page, 


The local cascade exit performance was determined by utilizing a 
conical probe to measure Mach number, flow angle, and total pres- 
sure at twenty discrete points across one passage of the cascade, 
The probe was positioned behind blade number 4 and measurements 


were taken in five percent steps. The seventh, eighth, and ninth 
pages of the computer print-out present the local exit performance 
characteristics of the cascade. Table XXlI provides the identi- 


fication for the parameters presented on these pages. 


The cascade exit flow field properties are determined by mass- 
averaging and mixing to uniform flow the local exit parameters. 
Identification of the exit flow field parameters on the tenth page 
of the computer print-out is presented in Table XXII. 


The cascade overall performance characteristics relating the inlet 
and exit properties are presented on the eleventh page of the 
computer print-out and are identified in Table XXIII. 
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TABLE XV 
COMPUTER PRINT-OUT NOMENCLATURE 


Cascade flow area (span X spacing), tn* 
Angle, measured from axial direction, degrees 


Drag coefficient (drag force referenced parallel to blade chord 
normalized by inlet dynamic pressure, span, and chord) 


Skin friction coefficient times one thousand 


Lift coefficient (lift force referenced perpendicular to blade 
chord normalized by inlet dynamic pressure,span, and chord) 


Center of pressure, percent chord from blade leading edge 
Deviation angle, degrees 
Diffusion Factor 


Total pressure loss (inlet minus exit total pressure), psi 


Static pressure rise (local or exit minus inlet static pressure), 


psi 
Ratio of tangential velocity change to inlet total velocity 


Force coefficient (blade force normalized by inlet dynamic 
pressure, span, and chord) 


Incidence angle, degrees 
Leading edge 
Mass flow rate 
e Nozzle exit - total mass flow, lbs/sec 


e Cascade inlet and exit - mass flow per passage per inch 
span, lbs/sec-in. 


Moment coefficient (moment exerted on blade about leading edge 
normalized by inlet dynamic pressure, span, and chord squared) 


Mean line reference 


Mach number 
Reynolds number divided by 1 million 


Total pressure loss coefficient 
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PS 


PT 


Ql 


Ss 


T/C 


TPLP 


TT 


TURN 


Subscripts: 
0 


1 


BP 


EQ 


TABLE XV (CONTINUED) 


Static pressure, psi 


Tangential reference position of conical probe tip, percent of 
passage 


Local pressure surface static pressure, psi 
Total pressure, psi 

Dynamic pressure, psi 

Inlet dynamic pressure, psi 

Density, 1b/ft? 

Local suction surface static pressure, psi 
Static temperature, degrees R 

Maximum blade thickness to chord ratio 
Total pressure loss parameter 

Total temperature, degrees R 

Flow turning angle (inlet minus exit), degrees 
Velocity, fps 


Tangential reference position of conical probe tip, inches 


Nozzle exit condition 

Cascade inlet condition 

Cascade exit condition 

Average condition 

Conical probe bottom static port in vertical plane 
Calculated from continuity equation 

Equivalent 


Referenced to resultant force direction 
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TABLE XV (CONTINUED) 


Leading edge 

Mean line 

Conical probe north static port in horizontal plane 
Referenced to conical probe centerline 

Pressure surface 

Conical probe south static port in horizontal plane 
Suction surface 

Conical probe top static port in vertical plane 
Referenced to axial direction 

Referenced to tangential direction 


Conical probe total pressure port 











4 TABLE XVI 


SCANIVALVE PORT ASSIGNMENTS 
(PROGRAM COMP3) 
Calibration Pressure f1 = 10 psi 





Calibration Pressure #2 = 20 psi 
Port Scanivalve No. 3 Port Scanivalve No. 2 
No. (0-30 psi) No. (0-15 psi) 

1 Vacuum 1 Vacuum 

2 Vacuum 2 Vacuum 

3. Calibration Vacuum 3 Calibration Vacuum 

4 Calibration Pressure No. l 4 Calibration Pressure No. 1 

5 Calibration Pressure No. l 5 Calibration Pressure No. 1 

6 Calibration Pressure No. 2 6 Calibration Pressure No. 2 

7 Calibration Pressure No. 2 7 Calibration Pressure No. 2 

8 Vacuum 8 Vacuum 

9 Tunnel Total Pressure 9 Tunnel Total Pressure 

10 Vacuum 10 Vacuum 

11 = Probe Total Pressure 1l Passage Static No. l 

12 Vacuum 12. = Vacuum 

13. ~Probe Top Static 13. ~Pessage Static No. 2 

14 Vacuum 14 Vacuum 

15 Probe Bottom Static 15 Passage Static No. 3 

16 Vacuum 16 Vacuun 

17__—s~ Probe North Static 17 

18 = Vacuun 18 Vacuum 

19 Probe South Static 19 

20 Vacuum 20 Vacuum 

21 Tunnel Total Pressure 21 

22 = Vacuum 22) = Vacuum 

23. =Exit Static No. 1 23 

24 Vacuun 24 = Vacuum 

25 Exit Static No. 2 25 

26 =Vacuum 26 =Vacuum 

27? Exit Static No. 3 27 

28 Vacuum 28 Vacuum 

29 +=Exit Static No. 4 29 

30. =Vacuum 30 =Vacuum 

31 Exit Static No. 5 31 

32. Vacuum 32. «Vacuum 

33. Mid-chnl Static No. l 33 

34 Vacuum 34 = Vacuum 

35 Mid-chnl Static No. 2 35 Passage Static No. 10 

36 Vacuum 36 Vacuum 

37? Mid-chnl Static No. 3 37. +=Passage Static No. ll 

38 Vacuum 38 Vacuun 

39 Mid-chnl Static No. 4 39 
i 40 Vacuum 40 Vacuum 

41 Mid-chnl Static No. 5 41 Passage Static No. 12 

42 Vacuum 42 Vacuum 

43° Tunnel Total Pressure 43 

44 Vacuum 44 Vacuum 

45 Primary Ejector Pressure 45 Tunnel Total Pressure 
‘ 46 Vacuum 46 Vacuum 

47 Tunnel Total Pressure 4? Tunnel Total Pressure 
\ 48 Vacuum 48 Vacuum 


NOTES: 1) Sidewall Statics Numbered Front to Back 
2) All Probe Taps to be Pluszbed Straight through Scanivalve Patch Panel 
3) Remove Roll Pins and Felt from all Ports Used 
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TABLE XVII 


SCANIVALVE PORT ASSIGNMENTS 
(PROGRAM COMP3) 
Calibration Pressurd 1 = 10 psi 
Calibration Pressure #2 = 20 psi 


Port Scanivalve No. 4 Port Scanivalve No. 1 
No. (0 - 50 psi) No. (0 - 15 psi) 
1 = Vacuum 1 Vacuum 
2 Vacuum 2 Vacuum 
3. Calibration Vacuum 3. Calibration Vacuum 
4 Calibration Pressure No. l 4 Calibration Pressure No. 1 
5 Calibration Pressure No. l 5 Calibration Pressure No. 1 
6 Calibration Pressure No. 2 6 Calibration Pressure No. 2 
7 Calibration Pressure No. 2 7 Calibration Pressure No. 2 
8 Vacuum 8 Vacuum 
9 Tunnel Total Pressure 9 Tunnel Total Pressure 
10 = Vacuum 10 ~=—-Vacuun 
ll Blade PS Static #1 ll Blade SS Static #1 
12.) Vacuum 12.) Vacuum 
13. Blade PS Static #2 13. Blade SS Static #2 
14 Vacuum 14 Vacuum 
15 Blade PS Static #3 15 Blade SS Static #3 
16 Vacuum 16 Vacuum 
17 Blade PS Static #4 17. Blade SS Static #4 
18 Vacuum 18 Vacuum 
19 Blade PS Static #5 19 Blade SS Static #5 
20 Vacuum 20 Vacuun 
21 Blade PS Static #6 21 Bilade SS Static #€t 
22, »=Vacuum 22) = Vacuum 
23. +=Blade PS Static #7 23 Blade SS Static #7 
24 Vacuum 24 Vacuum 
25 Blade PS Static #8 25 Blade SS Static #8 
26 Vacuum 26 Vacuum 
27 ~=Blade PS Static #9 27 =Bilade SS Static #9 
28 Vacuum 28 # Vacuun 
29 =Blade PS Static #10 29 +=Blade SS Static #10 
30 Vacuum 30 Vacuum 
31 31 Tunnel Total Pressure 
32 Vacuum 32 Vacuum 
33 33. North Sidewall Slot Pressure 
34 Vacuum 34 Vacuum 
35 35 South Sidewall Slot Pressure 
36 Vacuum 36 Vacuun 
37 +=. E. Static #4 37 North Bleed Manifold Pressure 
38 Vacuum 38 = Vacuum 
39 +=T. E. Static #5 39 South Bleed Manifold Pressure 
40 Vacuum 40 Vacuum 
41 41 Upstream Bleed Orifice Pressure 
42 Vacuum 42 Vacuum 
43 Splitter Pressure Surface Static #1 43 Splitter Suction Surface Static #1 
44 Vacuum 44 Vacuum 
45 Splitter Pressure Surface Static #2 45 Splitter Suction Surface Static #2 
46 Vacuum 46 Vacuum 
47 ‘Tunnel Total Pressure 47 Splitter Suction Surface Static #3 
| 48 Vacuum 48 Vacuum 
NOTE: 1) Sidewall Statics Nucbered Front to Back 


2) All Probe Taps to be Plumbed Straight through Scanivalve Patch Panel 
3) Remove Roll Pins cnd Felt from all Ports Used 
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APPENDIX C 


CASCADE DATA 


SPLITTER VANE POSITION = 50% 


P)gfP)y = 1.592 
P)o/P), = 1.635 
P),/P), = 1.686 
P)o/P), = 1.752 
P),/P), = 1.880 
P)o/P), = 1.949 
P)o/P), = 2.011 
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CaSt(aoe TALE 
MACH NIIMBER 





KFRIND RLANE LOCATION (JN,) 
1,462 1.664 A 7 499 
MISCFELLAKFOUS TEST SECTION HATA 
PRORE PanRE FRORE TEST SFELTIOCA TUNNEL TOTAL 
TANCENTI BL SPANATSE ONOLF ANGLE TEMPERATI RE 
POSITION POSTTION (HEF, TANG.) (REFS KORT7) 
2 CIN.) CIN?) CDFG.) (DFG,) (PEG) 
7, ASE 1.591 57.540 24,78) SAC 724 
SUPFRSONTC FLOW PRFOPFRTTES &CkOSS LEANING wEnGE 
NOZZLE + COMPRESSION WAVE COVNSTRF AM TOTAL Static 
a: exIT © FYPANSTON ANGLE MACH PRESSURE PRESSLFE 
~~ MACH NO, cr FLOW KUMRER RATIO RaTIO 
ow 
ww 1,590 9,132 63,060 1,482 1.408 1,287 
at 
be 4 - 


SUPFRSONIC CrMPErSEOF CaAaSsranr 
ARL STREAMLINE KO,1% © & Th 4 STAGE 


SPLITTER VANE SFETTIAG ANGLE © 30.75 DEGREES 


T CASC4NF INFAL STATIC 
PRESSURE RATIO 


PRORE Nats TAKEN PRraAe Ayal 


sue 
ARL ST5 


PRESS 


ir eNTVALVE SCANT 
Pret Ne 
x 4 


6 
11 
1 1 


—_— 
2s © 
ae 


-_— 


16 
17 
106 
71 
ar 
DA 
27 
Pao 
$1 
aa 
46 
17 
aS 
44 
43 
A*® 
47 


-_— 
aoranreanoaacpues- 
‘= i oe a ee ae ee a ee 


- 
ca vw 
2 £ 


poll 


se, yTre 
STAGGES 
angle 
(CFG) 


40,797 


eee 


«oO 





SSOP CASCLANFE 


SUPFRSOATE CeRERFSSME CASTANF 
=» 3 TO ¢ STARE 


ARL STREAMLINE NOC,1% © 3 TL 4 STAGE 


LF &§ 30,78 NEGREES 


PRESSURE [ATA FROM STENTVALVE © PSTA 


PRoae Cee ENA Re FREE Ayl aL SCANTVALVE SCANTVALVE SCANTVAL VE STANTVALVE SCAKTVALY 
BE RIND RL AME LPOATION (IRL) oret NO. NC. m, NOs 
3 ? 4 1 
4 ~499 i. 
) 19,649 19,653 19,4468 16,603 
14 14,554 &,749 —LAPK 1.771 
T SECTION Nata 1% $4,834 a,“io $766 8.247 
15 19,215 7,9#48 11.487 4,85? 
17 {137 14, 46% 16, RP 4 5 OR” 
10 14,98A8 17,274 9.578 §,4¢9 
2} 19,554 19,02” BL7h4 6,257 
TEST Srey aa) TUNNEL TOTAL On a gas 14,44 * 513 7.178 
ngie ens : TEMPRR ATI RE OR 9.0K 12.964 10.398 7.97% 
ie 17) 27 a, 474 Q,188 14,392 7.960 
Ke (PEG LR) 26 9,327 G16 G.HRA BL7AS 
4 BLO47 14,404 RLROM 19,628 
; 42 9,377 9,259 FLRO1 2.289 
24,781 S4¢ 734 45 9,32 14,3879 PRA 2.407 
7 mL GBR 9.13 a, 81a 1.556 
tS O,114 14,479 A935 1.58? 
44 9,745 10,908 R990 1.765 
43 19,4699 14,469 9,470 wae 
4 As A913 19,5938 {1.778 6.664 
reas { P r . ° . 
t S LEADING wenre a? 19.693 10,617 19,#l2 & 087 
COVNSTRE AY TOTAL static 
MACw PRESSIQF PRESSURE 
-UFRERQ PATIO Ratio 
1.462 1.¢0A 1.787 SPLITTER VANE PRYSTCAL PESTCN PARAMETERS 
STAGGFR VANE T/C SPLITTER 
AKGLE CrORD RATIO LOCATION 
(LEG) (TA) 


390,75¢ 1,185 2745 50% 
























ETAGLES THOR, 
ANGLE 
(OFGB) eTry 
52,516 04 
61 
WO 
w 
wNOC 
1, Sev 
Mey P 


1,462 1¢ 


13s¢ 3d 


198s I 


3. 


SUPERSMATC CFMPRESSOR CASCADE 
ARL STREAMLIKE ACL1® © t TF 4 STALE 


CASCANFE PRYSTCAL NESIGA FARAMFTFRS 


RLADE a FXIT TO INLET EXIT TC 

SPACTAG WATIC SPAN wRATINC SPAN @ATTA 
CIN) (BL ADR FXTT) (CPRCKHE MEASURING 

1.594 AOR) wFle .6h7 


INLET METAL ANGLE EXIT METAL ANGLE 
PS ss ML ML 
(NF GREES) (DFG) 
2417 65,479 A3,44F 20,534 
NOZ7LE EXIT COANITIOKS 
PT)O TE My RETAIN 
19,402 S60,734 &.875 65.719 
CASCANE INLET CONDTTIONS 
Tas TT)3 PETA‘ P)1 “O41 a4 
FAI 562.736 FAL ERY & 644 .238 A, e30 
yML MNI Xe 1 WNDY, 4 TT/T)4 PT/P)1 NR/J0ee08 
402 0575 1,344 1,427 3,473 1.414 




















INLET 


PL Ane) 


S| 
ARL S17 
PASE 
PRESS 
SCANTVALVE ¢ 
PORT 

| 

23 

2s 

27 

90 

31 
Mb aN EXTT aes ue 
STATIC PEVTATICS “Tr 
PERESSURE stat} 

(PSTA) 
S.129 168 
‘ 
PRES: 
SCARTVALVE ' 
PORT 
* 


MPAN TRAILING €9 








knw CASCADE 
1 Tr 4 STAGE 


[GRA PARAMETERS 





Im TALET ExIT TO INLET 
eaTir SPAN BATIC 

ExXTT} (PSCHRE MF ASSURING PLAKEY 
‘te 0447 

EXIT METAL ANGLE 

ud ¢ 
fOFG,.) 
22,834 

\ 
Eb 
' 
} 

TITAS 

MIN RETAIN 
& 875 65.719 

TTIONS 

P)4 Lb Ie | v1 

* FAA a) A430 
TAT. PT/P)1 NAR/SPae8 
1,427 3,473 e414 


SCANTVAOLVE 


PORT 
2 
23 
95 
27 
90a 
34 
MEAN EXTT ers 
STATIC PEVTATICN 
PFRESSURF 
(PSTA) 
¢.129 2165 


STENTVALVE 
PORT 
ro 


MEAN TRAILING ENGE PRESSURE [PSIA4) 


SUPERSONIC CrMPRESSOFR CASCANE 


ARL STREAMLINE 0,12 


Cascade ITFAl 
BASED ON SITDFbALL 


PRESSURE [ATA FRE} 


SCANTVALVE 


« 3 TO ¢{ STAGE 


PEEREORP ANCE 
STATIC PRESSURFS 


SCANTVALVE = PSTA 


SCANIVALVE SCANIVALVE 


NC, PORT NC, 
x t 3 
8.9A3 33 9.397 
9,74? 4 9,032 
9,273 37 8, CFF 
9,327 3S 9,116 
8.947 44 9.745 
MEAN FYTT KMS IMF OL FYIT CasSCare THFAL 
MTD@ePASSACE CFVIATICN MACK AD, STATIC PRESSUt 
STATIC PRFESSIFE PaTIc 
festa) (FYA/P1) 
o.248 gHe 1.125 1,416 


BLADE TRAIL TAG 


PRESSURE DATA FROP 


SCANTVAL VE 
NO. 
4 


FOGF PRESSURES 


SCANTVAILVE = PSTA 


SCENIVALVE SCANTVAL VE 


PORT NO, 

rs 4 

34 LP al 

a2 RAO) 

35 B.F13 

47 BP le 

A 8.935 

aj e&,o2s 
8,856 KMS DFEVIATICN 984 





‘ 
SUPFERSORTC COMPRESSNR CASCANE 
OR| STREAMLIAE AC,1@ = § TO 1 STAGE ine 
I 
STMEWALL BOUNDARY LAYE® PLEED PFOFCRMAACE 
PRESSURE SUCTTOR [PS 
SURFACE SURFACE 
KORTR STOEWALL SLOT PRESSURE = 2.799 PS8Te Lat eh " 
SOUTH SIDEWALL SLOT PRESSURE = 2,407 PSIA 
11 6,676 5,247 a 
NORTr RLEED MAAKTFALD PRESSURE = 1,554 PStA i. a one ye! x 
15 11,487 4,887 a 
SMITH BLEED MANIFOLD PRESSURE = 1,539 PStTs 17 «1a, ARE 5 0Ry ; 
19 9.578 5,409 2 
STMFeALL BLEED ORTFICE TEMPERATURE 2548, 686 B be pp tie aoe x 
23 A513 7,173 at 
SIMEhALL ALEED ORTFICE PRESSURE = 1,766 PSTA 25 19,328 7,973 - 
27 11.372 7.940 28 
PEPER le Spee ONFESSEREGES # ,A65 PSTA 26 o,864 A.76% af 
2 RATS R,K78 a4 
STOFKALL ROUNDARY LAYER BLEED FLOW RATE & 347 LB/SEC 
wo RaTTC CE RLEED TA INLET MASS FLOW RATE 8 OBS 
ro 
FC FO)X a 
. 382 .793 a 


PRESSURE SUCTION OP! 
SURFACE SURF ACF 


(PS) (ss) (1 
43 9.8679 RLBVY 
450 114775 6,664 4] 
a? 5.957 








N& CASCANE 
$ TC 1 STAGE 


LFRD PECFLRManre 
BRESS| RE 
SURFACE 
® 2,799 >8Te (PS) 
s 2,407 PSYb 
11 K L628 
® 1,558 PSYa +2 Q.764 
¢3 ti .457 
3 1,537 PSTA 17 14,94 
19 9,578 
pe 3546684 R 21 ATK 
2s &.513 
B 1,78A PSY os 14,308 
27 11,302 
s 0465 PSTA os Q,8BA 
2 RADY 
Ow RATE & 2347 LA/SEC 
» BATE z oZRS 
FC 
2369 
PRESSURE 
SURF ACE 
(PS) 
43 9.4879 
4s 11.775 
47 








SUCTTOR 
SURFACE 
rss) 


5,247 
8.247 
4,889 
bo I a 
§,4¢9 
6.257 
7,173 
7,978 
7.940 
A,768 
FLA73 


sucrttTye N 
SURP ACF 
(S88) 


RB 
6, 8Fa 
5,787 


SUPFRSOATS CrreeFSSO& 
APL STREAMLINE 


INSTRUMEATED 


pPSso1 DES/G4 PS/PT)} SS/PT)$ PERCENT PERCENT 
CRKORD ceORD 
(PS) (SS) (PS) (ss) 
e114 =, 47 ower 2 26h 13.69 13,45 
~4RR 2,747 2 ASA 2768 76.98 QF ,48 
2529 #794 585 2247 t9.5¢ 3O,26 
.52) =, 767 58S ~289 49,77 Aw,7® 
466 -,928 2469 2274 87.98 &7,75 
23570 2278 2447 2319 66.9% 66,89 
~34n 7t*! ~434 368 73.43 73,77 
0555 2276 soe? 2407 61,7° ao 41 
2579 227? e577 2478 AG 28 RO,97 
25A2 ~37¢ 2504 2447 o6,93 97,73 
2 SRS 23k 24885 2453 {07,97 120,27 
FOVY PETA) ecy) cbo4 MCILE CPYLE 
2218 wSF L714 Can | 062 2142 46,744 
SPLITTER VANF PARAMETERS 
DPS s/01 CrRS/C1 PS/PT)1 SS/PT)1 PERCENT PERCEAT 
CrORD CRORE 
(Ps) (88) (PS) (ss) 
2477 ~374 2 43 ~449 95,57 93,37 
727 pte? AP 340 114,483 192,57 
e779 2258 149,72 
eel 
— poh 
“a Ps 
i? . Pa 


CASCANF 


NO ia w= § TO 4 STAGE 


Qi part FAReArFTFES 








RD - SUPERSONIC COMPRESSOR CASCANE 
ri) ARL STRFAMLIAE ACLI1@ @© 3 TH 4 STARE 
an 
wo 
i= - 
LOCAL CASCACF FXTT FERFOCRMANCE 
Y MNI2 MNIY,2 MNIY,2 FT)92 P)2 PT)2/PT) 1 RETA)2 
PEReT DEY TURN “y2 CP)1,2 v2 PTIN PT)C PTIC,A 
PY) YP pP)TP Pyap PYKP P)SP RETA)P PTD] TT)4 
A, DKA 1,146 6905 0870 18,740 RLORG O87 99.789 
27" 7.285 37,981 2 AAR of53 $184,976 19,404 19,497 19.604 
18,641 10,6R6 149,33R 11,718 11,942 =2, FA 1C,603 SAO,7N4 
6.363 1,147 GAG SRO 18,8246 8,317 AP ae.3es 
5.99 7,849 46,467 oP 0778 1184,48A8 19,6a7 19,434 19,622 
18,748 1%,796 411,393 11,975 11,900 -2.4A7 19,491 S#U,7234 
6,442 1,149 2 oR) 2507 15,974 RL35R / 96K 31,394 
9.59 8,789 398,536 2428 of 29 11#4,919 19,577 19,596 19.587 
18,911 10,894 11.176 11.136 11,199 “1,134 19,588 SK?, 3097 
6,571 1.143 2977 2631 19,937 R282 0974 32.838 
wo 14699 = 18,374 = 84, AL? 0 ADE o565 $167,821 19,623 19,804 19,699 
- 18,987 1¢,97@ 19,873 11,019 1%,994 23R3 19,698 S87,302 
6A 1,144 2948 of 48 19,246 B.O71 293) 34,487 
19.99 11,908 32.393 0097 4.988 91F3,390 19,871 19,5?! 19,548 
18,194 10,903 14,427 10,784 149,675 1.997 19,548 S87,734 
4,479 2788 AO 2458 15,193 19,114 2775 38,376 
246.98 12,R42 44,474 2924 4,499 BEQLRGA 19,704 19,648 19,674 
$5,193 16,877 1%,262 1A,399 19,949 2.9298 19,674 SAhX,3GH 
6,758 .814 ~ 47 e189 12,9298 10,944 0614 21.554 
29,68 =,978 45,294 eAI8 7.574 RRL, AR” 19,5A” 19,480 19.520 
12,028 1@,.935 14,8680 9,A$7 9,778 14,994 19.819 SAA,734 





PERRET 


45,74 


65,92 


Y 
OFYV 
PT) YP 


6, AaK 
27,417 
13,058 


6.917 
o4, 664 
14,0235 


6,908 
1,334 
16,844 


7,075 
2.7740 
18,718 


7,154 
508s 
18,204 


7,9%3 
6.730 
18,42) 


7,312 
7,816 
18,442 


we 


aRL ¢ 


wRI? 
TLRS 
P)TP 


f24 
$1,738 
9,754 


775 
46,977 
O, AAA 


100) 
45,450 
G,454 


1.125 
41,544 
0,975 


1.127 
ao,231 
10,365 


1.134 
3h, >Re 
10,268 


1.145 
SEAR 
10.613 { 








& CASCANE SIIPFOSCOKRTC CFOrMPGESEDR CAST ANF 
TO ¥ STAGE ARL STREAMLIAKE ALLA © 3 TO 1 STAGE 

mECRMANCE LOCAL CASCADE FYTT PERFORMANCE 
FT)? P)2 PTIS/ET)1 BETA? Y MN)? MNYY,2 MRIY,2 FT)? Py? PTIA/PTI1 RET 
v)2 eT) PTIC ePT)C,a PeRCT DFV TURN MV? CP)1,2 v2 PTI PTO PT) 
e)SP RETA)P PT)4 TT)4 PT) YP PY TP pyAP PYNP p)se RETA)P PT)4 TT 
18,749 LE | e987 95.789 BANS fea 2A? Pe i We 13.458 17,7495 FAA 18, 
B4,9°76 19,601 19,407 19,604 35.44 07,417 St e7as 0417 6.543 697,454 19,693 19,584 19, 
11,949 =2,F A! 16,603 5A?,734 13,058 9.754 11.283 oA 45 9,581 917,343 19,593 SA%, 
18,824 8.317 09460 se, 3a3 6.917 0775 0738 77 F 14,935 1A, 238 2762 ‘7. 
#4,48R 19,607 19,434 19,692 OU ,74 #4,fA4 46,977 249? 4,866 ARAL AAG 19,542 10,894 19. 
11,990 22,487 19,4291 S#0,7234 14,9235 O,4A4 11,587 o.761 Q9,RA2R m14, 87 19,531 S82. 
18,9738 BL3SA 2 CR R134 6, 90h 2 Ae Pa ie} oar 15,F 46 G,RO8 oPRQ Oh. 
06,912 19,577 1$,5G6 1°,8k7 45,94 -1,334 45,450 2228 2.7558 974,451 19,894 19, 5A% 1S. 
11.120 “1,134 1$,588 Sh7,3002 16,844 G95 41,778 17,068 14,376 =11,252 19,888 #7, 
19,937 R282 29714 BO.R38 7,075 1,128 1.917 44 18,082 B.194 0971 25. 
67,894 19,623 19,564 19,699 Sa,93 2,770 41,5464 2728 1,549 11#46,892 19,485 19,854 1S. 
1*,994 2 SRA 19,60R SA7,362 18,015 9.975 11,636 10,683 14,789 7,154 19,568 S67, 
14,246 8,771 0931 34,487 7.154 4,197 69g 2522 14,331 8,306 2985 75 
F390 19,571 19,521 19,544 S878 5 ORS ao,231 27299 1.27? 1147,738 19,633 16,8FA 18. 
19,675 1.997 19,844 SA7,744 18,204 10,365 11.8797 14,833 94,999 oS 831 16,619 S6°, 
15,193 19,114 0775 38,376 7,9%8 1.138 1,007 ~844 18,470 A,247 294? a8, 
*O,M44 19.774 19,648 19,674 FAIS 6.038 3H LOBE o798 Vettd Liv? sor 19,69” 19,663 19. 
17,2949 2,924 19,474 %A7,3G% 14,421 19,468 41,399 10,897 14.912 oS, AAA 16,631 Sfv,. 
7.312 1.145 2092 0574 18,518 8.192 2945 3?. 
12,928 10,744 of 14 91,584 64,72 7.816 ae, ane 2728 1,7R3 114@3,3638 19,407 19,58! 19. 


P1,484 19,542 19,489 19,5970 18,462 10,613 11.194 17,872 10,89% 92,410 19,594 56°, 
9,778 19,994 16,819 580,734 








SUPFESMAIC COKMPRFSENR CASTANF 
ARL STREAMLINE 40,17 © 3 TO 1 STAGE 


LOCAL CASCADE FYTT PFFFURMANCE 





Y wN)O MN) Y,? MNYY,2 PT)? PI)? PT)2/PT)4 BRETAXS 
PFeCT MeV TURN i ) PP)1,2 v)2 PT)N PT) PT)0,A 
PT) YP P)TP PyRP PyKP P) SP RETA)® FT) TT) 4 

7.99% 1.152 0977 0617 18,426 8,780 294 32.765 

70.92 o.531 Ro,7R8 7k 1.175 11FA,GN7 19,562 19,5292 19,548 

1k, 342 19,413 17,748 1¢,814 14,719A =, 395 19,848 "67,734 

7,479 e495 754 4R3 1A, 3R3 9.735 of 346 32,684 

78,292 14,152 34,1484 2224 3,219 OF 4,742 19,553 19,557 19,585 

16,383 10,412 14,371 10,377 14,924 2244 19,584 S#v,724 

7,849 2720 3644 2421 14,9R83 10,114 2729 96,687 

BA .?4 3,023 40,393 0723 Seoi8 755.3463 19,4246 19,575 19,#01 

14,2F3 10,272 19.767 17,112 9.9784 “6,203 19,€04 56’ .734 

\O 
[oo] 

7,#28 0475 2795 2365 16,399 9.958 2837 Q4,F7A4 

eS .71 2.149 42,1786 2924 3,272 945,973 19,578 19,534 19,586 

16,390 G,947 11,9Fh 12,478 14,2338 =7.776 19,556 569,734 

7.797 1,149 1.92@ 2529 148,524 AL,182 096A 27,442 

9a.71 4,878 39,438 227 1.101 11°5,879 19,5856 19,582 19,883 

18,449 17,196 11.419 10,867 14,694 e5,A38 19,583 SAV,302 

7.774 1,154 1,707 »5h4 18,948 8,293 2967 29,289 

95,92 6.725 37,591 27299 2683 1194,177 19,61” 19,585 19,597 

18, RR 19,55? 11.343 11,299 °* 12,958 3,271 1,597 SA7?,734 

7,865 1,136 2979 2574 14,683 8,364 0983 30.473 

~s 17?¢,09 7.939 36,378 o92R Gif 1175.43” 19,657 19,641 19,849 

re 148,434 19,787 11,267 11.173 11,752 °1,977 19,449 SAV, AGa 
wa 
o 
a 


Stiinta eee a ee errr eee 





TAS? 
)O,4 
Lek 


765 
548 
734 


~FRS 
585 
2734 


2487 
ofP1 
0734 


of74 
KaA 


6734 


2442 
2583 
239? 


597 
0734 


2473 
249 
oaGa 


SRE A a li gm 


WNJY,2 


P orn 


WN)X,2 


0791 


SUPFRSOR IC CFMPErSSNF CASCALE 
ARL STPFAMLINKE AC L199 = 3 TO 1 STAGE 


MASS AVERAGED FYTT CONDITIONS 


MNJ 2 PETAYZ PT)IP/PTI4 


1.9719 2A,a92 887 


CASCADE FEXTT CARAMETESS 
RASFD ON “ASS AVEPAGEL CORNITIAONS 


MN) Y22 PT)? PI2 TT)? TTIJZ/T)2 


MTYPR FXYTT CONF TTICONS 


MKYY,2 PT)2 P)?2 TT)? TTIA/TI2 


2474 «17,720 9,898 5AAL734 1.174 


A7G «ATL RGH GRA SEAL 734 1,208 








SLPERSONTC COMPRESSOR CASCALE 
ARL STREAMLINE AC,17 © 3 TO 1 STAGE 


OVERALL FERFORMANTE 


MASS AVERAGED FyYTT CONDITIONS 


PYS/PIN PTIASPTIY VIDP/VIS VIF/VIL—¥ VIPSVIILY RIAPSAIL TIB/TI4 CMERA 
TPLP OF DFIFG nvyy BRIO DES/91 rey TURN 
BETAYC AyesA)S 


1,892 = 87 e758 1,772 . 387 1,347 1.18? 518A 
.7a7 2 agn 1871 2568 1,274 2396 5B 4RR VeLHOS 
AA, RNA 656 





CVEFFALL PFPFORMANCE 


MYXYEC EXIT CONF ITICNS 


PYD/PYL PTYD/PTIN VIDZVIF VIZSVIIE® VIP/VIILY RIZVAIL TI2/TIY OMEGA 
TPLP OF NFIEG nviy RNID NPSsay DEV TURN 
RETAIC s)e/A)1 


1,74) 2868 2897 1,529 2389 1,427 1,209 0185 
~7 42 453 1.79 561 beets 24948 Pao 38.914 
32,2797 481 








ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


AIRFLOW oe 
<-> 

BLADE 

a PS. 





PRESSURE RISE COEFFICIENT(P-P1)/Q1 





INLET MACH NUMBER 1.462 


-0.4 
0 20 40 60 80 100 
PERCENT CHORD 03/09/77 ; 





100 62531 


we —— 





-———————= 


TOTAL PRESSURE EXIT 
RECOVERY MACH NUMBER 
So Oo So _ oO i=) _ 


Qo 


EXIT AIR ANGLE 
(DEGREES) 


o 








SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.1LO - 3 TO 1 STAGE 


PROBE TRAVERSE BEHIND BLADE NO. 4 

AXIAL PROBE LOCATION.INCHES. = 0.490 
CASCADE INLET MACH NUMBER = 1.462 
CASCADE STATIC PRESSURE RATIO = 1-.592 


O° % OOO oO 


> 
o 


uw 
o 


N 
=) 


— 
oO 





0 20 40 60 BO 100 
PERCENT PASSAGE 03/09/77 


101 
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SIIPERSOKIFL CrePRESEOE 
APL STPFAML IKE 


SPLITTER VAaNe 


CaSCanF INLET CASCANE INFAL 
PRESSURE RETIN 


YVaACh NUMBER 


1,460 1.497 


CASCANF 


1 STSGF 


39,75 MFGRFES 


PHORF NaTA TAKEN 
BEHIND BLAME 


MISCELLANEOUS TEST SECTION DATA 


PROSE PONMRE 
TANGENTTAL SPANWITSE 
f POSITION POSITION (WEF, 
(IN.) CIN,) 
= 7,85¢ 12501 
} oO 
/ ow 
SL PERSONTC FLAY 
‘ 
I NOZZLE + COMPRESSTON 
j EXIT © FYPANSION 
| a. MACH AO, CF FLOW 
; 
{ on 1,59¢ 1.127 
w 
_ 


TEST SFCTION 


PROBE AYJAI 
LOCATION (TA, 


490A 


TUNNEL TCTAL 


PROPERTIES SCROSS LEARING WEDGE 


ANGLF TEMPFEATLRE 
(REF, HORTZ) 

C(NFG,) (DFE a) 
24,279 SFY. 276 
DOWNSTREAM TCT AL sTaTIc 
MACH PRESSURE PRESSLEF 
ALIMRER gaTIn Rati 
1,442 124@A 1,987 








SIIPFOESOAIS COMPRESSOR (CASMale 
APL STREAM TAE AC LIC = 3 TC 1 STAKE 


PRESS RE ATO FREY SCANT VALVE e@ PSTA 








Tal SrTANTVAIl VE STANIVALVE STA TVALVE SFANTVALVE SCARTVALVE 
hy PoRT NO, uc, KO, An, 

» 4 ? A ' 
ie] 24,4349 90,419 ae .4ti 27,419 
14 19,234 €,909 7.977 1.711 
13 11,547 &, 330 14,176 5447 
15 11,8164 8,665 12.016 8.267 
17 11,697 14,4F4 11,399 §.472 
19 11,5668 11,9”? G,973 &.9C4 
2) 27,490 10, S64 O,184 6 ABR 
2% 2,594 14,46 co Fe ae 7.29 
Q* 9,498 ts 627 11,332 8.597 
27 1%,9299 G,6F7 11,919 PL TF 
2¢ 0,974 QRS) 17,472 0,448 
33 9,458 14,495 6,545 av ,av7 
$3 10,9058 9, R44 9,841 2.198 
35 9,599 14,488 9,837 9, 4F& 
7 9,670 9,761 6.53814 1,882 
39 o,8a9 14,479 GL AOK 1,588 

t 4} 14,364 Lo, Asa S,f19 1,778 
4% 27,448 14,400 170,88 G.194 
4s 5,140 oo, ayn 12,372 6.98! 
47 24,487 20,403 20,414 ® 320 

Tye 

Sue 

779 

SPLITTER VANE PRYSTCAL LFSIGN PARAMETERS 
$7 STAGGEE V BNE T/C SPLITTER 
ANGLE CHORD RATIO LOCATION 
(MeG) (IN) 


| 39,750 4,785 465 50% 








a ae a Se oe teeee emeeeneenaibunennnas 





STAGGES 


ANGLE 
fOeEG) 


82,314 


Ol 


te¢g¢ se 


Cr ROR 
(IA) 


’.004 


VA 


¢.6 
oe: 


MWY 4 


1,462 


T9S8S 


1,371 


AR| 





SUPFRSOKTC COMPRFSSNR CASCANF 


STREAMLINE NO,10 = 3 TO 14 


STAGE 


CASCANE PRYSTCAL PESIGN PARAMETERS 


BL ANE T/C 3 39EXTT TO INLET 


SPACTAG RATIO SPAN RATIC 


EX2T TO INLET 
SPAN RATIC 


(IN) (RPLADE FXIT) (PRORE MEASURING PLANE) 
1,548 2026 onté 467 
INLFY METAL ANGLE EXIT METAL ANGLE 
PS ss al ML 
(NEGRFES) (OEC,) 
64.417 65.479 645.4645 22.534 
NOZ7LE EXIT CAOMNITTOAS 
yc PTIN TT} My PETA)() 
ae 22.4649 $641,979 9,252 65,721 
CASCANE IALET CONDITTICNS 
PY TT)! FETA)! P)4 My4 Q)4 
20,441 561,479 AA, BRO 5, HBS 248 a Po4 
1) ML MNI VJ MR)Y,S TT/T)1 PT/F)1 NR/1C wR 
1,472 2575 1,344 1,427 3.473 1,473 





NF) 


SCANTVALVE 


PORT 
r 
2 
¢ 
? 
29 
31 
MEAN EXTT wes 


STaTIC nevVITaTIon 
PEESSURE 


{PSTA) 
9,791 2176 
SCANIVAL VE 
PORT 
Le] 





SUPFRSONIC CFRPRESSNR CASCALFE 
APL STOFAMLIKE NO, 10 oe 2 TO { STAGE 


CASCADE TIMFAL FERFO RM ANCE 
BASED OA SIDEYALL STATIC PRPFSSLPFS 


PRESSURE MATA FRECM SCANIVOLVE & PSTA 


SCANITVALVE STANIVALVE 
NO. PRY 
4 ti 
9,89F 42 
9,494 as 
{7,929 47 
9,974 4c 
oF SE 4 
MEAN FYJT RMS IDEAL FXITT 


MIDePASSAGE CFEVIATTON MACK NO, 
STATIC PRESSURE 
festa) 


9,976 wk 1,482 


BLADE TRAILIAG FOGF PRESSURES 


PRESSIIRE MATA FROM SCANTVALVE = PSTA 


SCANYTVALVE SCANIVALVE 
NO. PORT 
4 b 


31 
33 
38 
37 
a¢ 
4) 


SCANTVALVE 
NO. 
3 


197.¢¢5 
©, 68D 
9,476 
9,829 
1A, 3h6 


CASCADE IMFAL 
STATIC PRESSURE 
RATIC 
{P)2/P)1) 


1,644 


SCANTVALVE 
NC, 
4 


9,548 
9,861 
9,£37 
9,533 
9,628 
9,619 


MEAN TRAILING FOGE PRESSURE IPSIA) 9,567 FMS DEVIATION mae 





SUPFRSONTC CFRPRESSOR ( ASCADF 
ARI STREAMIL TAFE AFL18@ & § Tf 4 STAGE 


STMOFwALL POLNDARY LAYER ELFFL PERFORMAACE 


KORTr STDFWALL SLOT PEESSILFF e 2.136 PSTS 
SOUTre SIMFWALL SLOT PEESSUPF ws 2,4A8 PSTA 
NORTe RLEFD MAKTFOLD FRESSLRE = 4,52 PSIa 13 
SCUTh BLEED MANIFOLD PRESSURE ® 1,588 PSTA 7 
STDEF ALL PLEED ORIFICE TEKPFR ATURE 549,355 R Lin 
STNFkALL BLEED ORTFICE PRESSLUFE ws {1.773 OSTA _ 
? 
SIOEwKALL BLEED ORIFICE DELTA P z 46D PSTA a 
> STNFRALL ANUNNARY LAYER BLEED FLO» RATE 8 234% LR/SEC 
a RATTC CF RLFEND TO YALET MASS FLOW RATE f& ARO 
ai 
“* 
4? 





ne = at es 











PHeESS) RE SUCTION 
Siuerace Si trace 
(e8) rss) 
11 Pe ae Wy | 447 
13 19,176 §.AA47 
18 12,a16 8.3947 
17 11,3299 S422 
19 9.97% 0°04 
21 9.154 G, AwE 
23 96111 7,82S 
2s Lis3goe &.SG7 
27 11,919 BL7E 
2S 10,472 0,448 
? 9,579 9,870 
Fe FCiy 
eoG?7 #.29S 
PRESSURE SyCTTON 
SURFACE SIRF ACE 
(PS) (s8) 
a3 19,808 9,194 
45 12.372 6, 9R1 
47 5.49¢ 


Am 


SIPERSOKIC CREHMPCFSSOR CASCADE 
STREAMLIAF AT 4% © 8 TF STAGE 
INSTRIMERTEL RL APF PARAMETERS 
PPSs CPSs04 FS/PT)1 SS/PT)1 
(PS) (SS) 
satD 2,750 2 SRA e266 
, 488 =, 050 ~ 498 2266 
2597 ©4273 2 SAB 2257 
2519 #453 2584 265 
, 4685 2724 488 ~29R 
237) ~i14 .448 ~337 
«367 22?) 446 o RAR 
2419 AR as) 2554 2421 
2 5R6 2327 sk 2429 
e521 2474 2512 442 
.420 2420 ~ A469 2469 
FCyY¥ PFTA)F CO31 Ci 
«e218 23,457 ~.V14 o 366 
SPLITTER VANE PARAMETERS 
DPSsni OF S/Q1 eS/PT)1 SS/PT)1 
(PS) (SS) 
2370 376 2533 ~45¢ 
0787 2125 ~675 2342 
#264 2 7hO 


PFACERKT 


CKORD 
(PS) 


13,49 
2ELoP 
39,82 
49.47 
87 .AP 
66.97 
73.4! 
G17? 
eG.as 
G6,98 
(ear? 


RCV LE 


-156 


PERCEAT 
CrKORC 
(PS) 


95.57 
119,83 





PERCEAT 
rRARO 
(SS) 


13,45 
26, AR 
30,94 
4e,76& 
$7.79 
FAAS 
73.077 
AO, 4A1 
20,97 
97,73 
agar 


— 


CP)LE 


42,877 


PERCEAT 
CRORE 
(SS) 


93,37 
122,57 
179,70 





PRACT 


9.99 


901 


14,99 


19,99 


24,96 


es 


2°,93 





Y 
DEV 
PTVYP 


R,2hA 
7 <200 
$0,383 


6.343 
7,933 
19,447 


6,442 
8.7P2 
19,829 


6,84 
19,787 
19,509 


6 AuO 
19,538 
1B,4278 


B.A 
13,284 
18,239 


6.758 
#469 
12,858 


ARL 


KNY2 
TUR 
PyTe 


tetie 
37,283 
11,275 


{.¢25 
36,388 
11.592 


1,127 
2K L584 
11,514 


1.146 
33, 55S 
11,578 


1,098 
34,778 
11,5038 


2728 
31,73? 
11,221 


2498 
44,365 
1%, 665 


LOCAL 


MNJ Y,? 
MJ2 
PAP 


297? 
APA 


11.944 


2972 
2729 


ORD 
2499 
11,799 


25k 
2229 
11, 3A" 


289A 
026 
19, A86 


«590 
2923 
1A,7AA 


0458 
ANB 
11,238 


SUPFRESOATIC COMERESSNE 
STRFAMLIRE 


NC.10 


CaSCaDe FXTT 


MRYY,D 
NPI1,2 
P)KP 


eoos 
1,085 
11,422 


0571 
LORE 
11,844 


o SAR 
.P 7D 
11,70¢ 


06299 
2789 
11,630 


2631 
1,998 
11,996 


5,200 
17,789 


219 
7,AG1 
1%, 464 


Ss 6 4 


PERFORMANCE 


FT)? 
v2 
P)SP 


19,386 
114A ,R3R 
11,695 


19,486 
1168, 9R2 
$1,682 


19,59 
11#8,997 
11.4659 


19,4652 
YYF3,774 
11,521 


18,444 
1144,177 
11,14a 


15,239 
803,665 
19,690 


19,55a 
589,161 
1A, Aa 


CASCANF 
STAGE 


PY)S 
eTYN 
RETA)P 


BRAY 
22,383 
2,583 


BLRAd 
22,491 
-1,9A3 


LAK? 
27,392 
e1,124 


BLAOY 
20,413 
oA 


A662 
22,412 
2.612 


16.712 
27,365 
3,348 


{4,628 
2PA,3AA 
=9,9A5 


PTYZ/PT)4 
PTYC 
PTY 


.96R 
20,391 
at ,377 


953 
20,877 
av aA 


987 
2e,349 
20,374 


298) 
20,416 
20,414 


0999 
27,367 
Pe, 38S 


.748 
20,390 
20,342 


2614 
20,838 
ov .,359 


RETLYO 
PlIC,A 
Ty 


99,747 
20,377 
SA? .734 


SVL OF? 
o7,289 
$47,359? 


31.3816 
20.372 
SA“, aC? 


33.791 
a7,415 
549.734 


35,0772 
oo ,30% 
5a? 360 


SS RYR 
22,342 
HAY 30" 


22?,ak§ 
27,389 
567,397 











SUPERSONIC CORPERSSOER CASCADE 
ARL STREAMLIKE AT,j30 © A Tf 4 STAGE 


LOCAL CASCATF FYTT KERFCOMANCE 


aye y MNY2 MNINs2 MNYYSD PT)2 F)2 PTVSSPTI1 BETAY? 
r,s PFRET NFY TURN MY9 NPY4,2 v2 PT)N eTIC PT)C,A 
- PT)YP P)TP Pup PYAR PYRP RETA)P PID4 TTY 
| 

767 AHO 2569 2 SAS J thE 14,448 47,835 wt KR 16,349 
17? a8 @ wR 18S SP 5A} acy F908 KE, 292 99.345 2¢,329 90,837 
734 19,448 19,381 $1,725 10,308 19,214 14,111 20,336 SAA, 20? 
467 6,917 2730 249% 0230 15,947 17,699 7646 18,379 
2eG 67.74 24,155 4k, 47} 242) B.194 APS, 52R 29. 3nO ov, 3a5 20,4378 
39? 18,247 17,243 12,9782 14,468 10,465 14,481 2e¢,373 S8&v,30% 
aya 6,98 2459 799 2318 17,794 17,563 2 A346 1,828 
17? 68,94 o1,711 AR. 427 5798 3,347 G27, Fag 20,318 20,308 2¥.3n9 
sce 17,094 10,2743 2,16¢@ 10,789 127,991 014,947 avu.399 S&e,30u 
791 7075 GS 2977 2399 14,543 12,198 .9¢8 94,408 
415 Sa,93 1,941 42,355 0229 81,939 1977,938 27,432 20,626 27,429 
734 18,593 1°,.875 12,268 11,243 11,422 =7,9AS 20,429 547,292 
772 7.1%4 es a ORS S11 19,a79 8,837 0933 97,431 
to” $5.03 4,897 39,419 o73M 1,382 1186,047 20,42) 27,SFa 27,402 
3c” 19,953 17,999 12,138 11,434 11,579 5,499 20.470 SAP, 302 
Bye 7,933 1.31) 2978 a S3R 19,2941 BL BRE 94) 96,938 
342 60,95 6.401 47,916 2230 1.281 1155,4958 O90, 494 20,348 20,3746 
ao” 19,213 11.126 11,99h 11,533 11,564 -3,525 20,376 887,302 
ans 7,319 1,127 2971 2572 19,917 R707 290” 30,509 
389 65,92 7,97% 36,34) 2729 1,224 116 8,097 2%,299 20,264 ae ,2Pi 
39? 19.177 11.297 11,462 11,478 11,456 “1.981 24,2801 S8%,30% 


Té¢sgesyv 


PEECT 


72,92 


7®&,02 


87,01 


Lol 


G?.A1 


O8 a0 


199,00 


Peyv 
PT)ye 


7.391 
9,703 
19,15” 


7,670 
9,979 
14,964 


7,549 
2,698 
15,484 


7 «OR 
3.618 
18,287 


7,777 
5,429 
19,571 


7,744 
7,498 
19,886 


7 RES 
A, 4ks 
19,198 


AR| 


WROD 
TURN 
rYTS 


1,149 
44,5238 
11,288 


FS) 
34,407 
11,174 


PY a is, 
44,711 
17,718 


2968 
47,701 
17,64 


1,145 
3A ,707 
1° ,896 


1,14V 
aA, ALP 
11,252 


1.149 
35,831 
11,382 


SUPFERSOAITC CrKMPEFSSNR CASCADE 


STREAMLINE 


LOCAL CaSctace 


MNYV,2 
M)? 
Pyap 


GAS 
2720 
11.322 


0718 
2A27 
{1.%76 


ARK 
0704 
11,88? 


RRS 
0226 
12,411 


1,906 
Pa 04) 


11,995 


GP? 
Pa 
11,872 


ake 
2729 
11,740 


NC .10 


MNYY,? 
NP)1,2 
PyKP 


JF ao 
1,239 
11,46} 


457 
3,477 
11,707 


e912 
6.984 
17,846 


424 
2.174 
11,293 


54D 
Loe 
11,5958 


2570 
POD 
11,497 


0572 
1,225 
11.71? 





y™m4 


FT)2 
v)2 
P)Sp 


19,273 
117A,936 
11,359 


16,9F4 
923,520 
172,887 


15,486 
A1%,534 
10,661 


18,267 
1A26,9R7 
17,983 


19, 8A 
11F 3,005 
11,3885 


19,439 
{178,14 
11,507 


19,217 
$183,574 
11,567 


STAGE 


FYTT PERFCRMANCE 


P)2 
PT)N 
RETA)F 


&.55R 
20,465 
-.133 


19,566 
27,548 
2.717 


17,816 
29.507 
#7331 


1A,77Aa 
20,4GA 
oA 411 


AL BRI 
27,459 
#4,317 


A,754 
OO ,A7a 
22,498 


Rone 
22,374 
~1, 454 


PTVYZ/FPTI1 
PT)r 
PT)4 


2939 
2V.414 
24,439 


283A 
29,890 
20,823 


2758 
20,494 
27,504 


oBGA 
2¢,449 
20, 47K 


e987 
20,307 
20,424 


2961 
20,420 
20,445 


960 
27.324 
20,346 





RETA)2 
PT)M,A4 
TT? 3 


32,3897 
Pv,44” 
567,724 


42,443 
au,594 
SK? 3G 


95.139 
20,892 
SA Pd by, 


26.149 
90,477 
§A7.3900 


28.148 
ov ,494 
SR? 048 


40.032 
97,445 
SAU ,30% 


31,919 
97,369 
Sav .,3ce 


Ay2 


V4 


'o7 
ca” 
NA 


eas 
894 
162 


a 
» 


o 


Ao? 


149 
47” 
392 


148 
404 
yas 


232 
eas 
207 


aqg 
Beg 
go” 





WNUY,2 


aI7% 


wNYY,2 


77S 


SUPFRSOATC CrwPRESSMR Casrare 


AQL STREAMLINE ALG & 3 TM 4 


STACF | 


MASS AVEE AGEN FxTT CONDITIONS 


MAKI? FETA)? 


CASCADR FEXTT PARAMETERS 


PTJO/PTI1 


RASFA ON MASS AVERAGED CONDITIONS 


MAYY,2 PY)? P)? TT)92 


24722 «18, a78 


MYYER FXYIT CONCITICNS 


PAJY,2 PT)? Py? TT)2 


04687 17,695 170,404 





O,42> = 81,479 


SE1.979 


TT)O/T)2 MJQ/M)1 


1,197 1,985 


TT)O/T)2 MAYO RETAI2 


1,263 oGA4 33.16! 








BY2/P)1 
TPLe 
RFTAIC 


1,638 
our 
34,269 


PY2/FP)1 
TPL Pe 
PETAIC 


fa77! 
0742 
31,656 





SUPERSONTC CRePRESSME CASCAare 
ARL STREAMLIAE ACL17 & 3 TM 4 STAGE 


OVERALL PREOFORMENCE 


MASS AVERAGED FEYTT FONCITIONS 


PTYS/PTI1 VIAPSV)II VIASVIL,Y VISSVII,Y RIASAIV1 TIASTII 


ne NF)FR hVaY RN)? NePSsa4 DFY 
AY?s/A)1 

o7k4 2742 1,6? ~ 3RS 1,372 4.192 

407 1,474 ~FA7 1,818 2475 ® 800 

2439 ; 


CVERALL PERFORMANCE 


MIVYFE FXYT CONDITICNS 


PTYAP/PTIL VIASVIS VIA/VII-Y VIF/VINZY RIQSAIL TI2/TII 


OF DFIEG Dv)Y PN)? PPS/N1 fey 
ajasa)! 

of B4 7 AS 1,490 / NPS 1,444 1.227 

464 1.740 7 RAK 1,249 2516 P,f27 

465 


108 625321 


OMEGA 
TLRN 


182 
36.516 


OMEGA 
TURN 


21P9 
TSLARY 











PRESSURE RISE COEFFICIENT(P-P1)/Q1 


! 
=) 





ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


AIRFLOW , sas ee 
fio 


INLET MACH NUMBER = 1.462 





20 40 60 BO 100 
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SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STACE 


PROBE TRAVERSE BEHIND BLADE NO. 4 





AXIAL PRGBE LOCATION.INCHES,. =0.490 
CASCADE INLET MACH NUMBER = 1.462 
CASCADE STATIC PRESSURE RATIO = 1-.635 
1.4 
@ 1.2 
a GO%% &oo° OO y% 
0.8 ba - 
es) ® ® ® 
x 
=0.6 ® 
rs 
0.4 
lJ 1.8 
= aa4 AAA aa, 
W>O.9 a a 
be a 
A 
a 50-8 m 
gen a a 
Ta 0.7 * 
= 0.6 * 
“7 40 © 
a” 30 ©9 0° ee 
WwW fu) U) o 
fe 20 0 
aaa 
-© 10 
x 
Ww 
0 20 40 60 BO 100 
PERCENT PASSACE 03/03/77 
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a 


SUPFRSEONTOC CRRPRFSSMR CASEAME 
ARL STREAMLIKE AC LIA © 3 TM 1 STAGE 


SPLTTTER VANE SFTTIAG AKGLFE #& 39,75 DEGREES 


CASCADE TALET CASCANFE INFAL STATIC PROPF MATA TAKEN PRORE AYTAL 
MACH NUMBER PRESSIIRE RATIC RERTING BLATE LOCATION (IN,}3 
1,462 1.736 ‘ 2 499 


MISCFLLANECUS TEST SECTION DATA 


PRMAE PROAF PRORE TEST SELTIOA TUANEL TCTAL 
TANGENTIAL SPANWISE ANGLE ANGI F TEMPERATI RE 
POSTTITOS PCSITION (REF. TAA.) CREF, MORITZ) 

CIN.) (IN,) (NFG.) (NEG) (OFG,R) 

7 Lary 1,84 5A L010 94,339 $61,979 


SUPERSONIC FLOk PROPFRTIFS A2CFOSS LEANIAG WEDGE 





NOZZLE + COMPRESSION WAVE LOe*NSTRE AWM TOTAL sTaTIc 
FYTT » FYPANSION ANGLE MACH PRESSURE PRESSLEE 
“ath NO, cr FLO hUPRER RATIO RATIO 
1,8a0 1.1483 43,120 1,449 1."u4 1.76? 
come - - - wor > - = 





Tal 


(7. 
. 


TEC 
SL &F 
TIC 


SCANITVALVE 


PrRT 
c) 


+f 


13 
18 
17 
10 
24 
a7 
25 
27 
90 
41 
a3 
16 
47 
49 
41 
A’ 
48 
47 


—— 


be 


SUPERSOAIC CRhePErSSNE FASTANE 


STRFAM( TAKE 


PRESSLIIRE 


SPLITTER VANF PRYSICAI 


STAGGER 


ANGLE 
(MEG) 


49,750 


SCANTVALVE 


NO, 
a 


24,549 
12 R86 
142,840 
12,444 
11,445 
14,526 
27,468 
9,997 
9,984 
147,296 
14,209 
9,59 
14,2914 
9,0Aa9 
9, QRe 
1%,a10 
12,542 
7,485 
5.144 
29,504 


ie 


Te 


ei? ~» 3 


MATA FREM SCBA 


VANE 
CrORD 


CIN) 


1,185 


SCANTVAL VE 


a 
{ . 


e 


20,598 
&.72? 
RL SFA 
QO,103 

14,548 

11.516 
GO, RGM 

14,849 

11,349 

19,274 

10,269 

14,562 

1¢,135 

10,28" 

17.71% 

{4,845 

12.920 
(4,508 

ee, 8¢2 


20,509 


i) 





TO 4 STAGE 


IVALVE = PSTA 


SCANTIVAL 
KA, 
4 


a7 .530 
R477 
14.555 
12,096 
0 et ar 22 
G.74% 
6,475 
G.FG4 
11,695 
{2.186 
12,732 
9,904 
9.914 
9,914 
o,993 
9,968 
9,989 
11,577 
12,58" 
??. 518A 


T/C SPLITTER 

ATIO LOCATTOS 

2745 50% 
PS ee GP a a 


ve SCAKTVALVE 


PFSTELN PARAMETERS 


an 
of] 
| 


20.525 
12.196 
5.515 
5.386 
5.474 
6.559 
7.379 
#.335 
e.915 
G14! 
G.AVS 
2¢,532 
2.08? 
2,162 
1,5F9 
LeSee 
1.769 
&.974 
€&,845 
&,2346 


~~ 


ome ey ee 





Ett 





Ts¢ 39 


—S ee 


SUPFRSONTIC CROMPRFESSNR CASCANF 
APL STREAMLINE 8C,1@ © 3 TO 1 STAGE 


CASCADE PRYSTICAL MESTGN FARAMFTEFRS 


STAGGER CHORI ALANE Téc FXYYT TOM TALEFT EXIT TO INLET 
ANGLE SPACIAG VATIO SPan RATIC SPAN RATIO 
(NEG) (Tr) CIN) (RI AOR FXTT) (PROBE MEASURING PLAKF) 
—9.3156 a wuyve 1.53) 2026 ~S16é 467 
TNLET METAL ANGLE FYTT MFTAL ANGLE 
PS ss | ML 
(NF GREFS) (OEG,) 
F4,417 65,479 F3, 446% 22.584 


NOZZLE EXTT CONDITIONS 


WNIC PTIA TT HE My BRETAYN 


1.509 20.585 561,079 GOR RE 6KB 


CASCATE INLET CONDITIONS 


MNO 4 PTj1 TT)! BETAS) Py Mm) 1 934 
1,440 9v,504 841,079 66,580 5.919 2249 BFS 
T)SS IML MN), MNDY,§ TieT 04 PT/P)]4 NR/J Aaah 
1.371 3,422 2574 1,340 1,426 3,464 1.478 


AKFY PRFSSIIQE MATA FQCw SCENTIVALVE » PSTA 
SCANTVAL VE SCANITVALVE SMANIVALVE 
PORT NC, PORT 
% 3 ba 
2% 9.927 33 
95 9.SF! 35 
27 17,296 a7 
29 14,202 39 
ay 9, P52 43 
MEAN EXTT ors MEAN FYTT wes IDEAL EXTT 
STATIC DFVTATICS MTNePASSACE DEVIATION MAC NO, 
PRESSUGE STATIC PRESSUPF 
(PSTA) (PS7a) 
17,948 174 17,442 aei6 1,463 
BLANE TRAILIAG FOGF PRESSIIRES 
PRESSURE DATA FROM SCANTIVALVE = PSTA 
SCANIVALVE SCANTVAL VE SCANT VALVE 
PORT NO. PORT 
te 4 " 
$1 
33 
38 
37 
39 
4} 


SUPFRSONTC COPKPRESENR Case 
Rt STREAMLIAE AC 1% © 3 TO ¢ 


CASFANFE IMEAL PEFFO RM AKL 


RASFO ON SINEVALL STATIC PRESSL RES 


MEEN TRATLING ENGE PRESSURE [PSTAI 9,932 








ADE 
STAGE 


5 


SCANTVAL VE 


nC. 
3 


17.20) 
9, cRe 
O,SRV 

19,010 
12,84? 


CASCADE IMFAL 
STATIC PRESSUFFE 
RPATTO 
(PY2/PV1) 


1,697 


SCANIVALVE 


NO, 
4 


9.924 
O,ciF# 
9.918 
9.903 
Q,G6R 
9.959 


RMS DEVIATION ,A98 





SUPERSONIC CPMPRESSNR CASCADE 
SRL STREAMLINE ACIP @ 3 TO 4 STAGE 


STPE* ALL BOUNDARY LAYER FLFEED PFRFORMANCE 





KMRTh SIMEWALL SLAT PRESSLFF s 2,4R4% 
SVTr STOFWALL SLOT PRESSURE =e 2,542 
NORTh BLEED MARTFOLD FRESSLPE » 1,589 
SOUTe RPLEFD MAKITFOLD FRESSIPE es 1,822 
SIMFeALL ALEED ORTFICE TEMPER ATLAE #55”,3599 


STMFRALL BLFEEN ORYFICFE PRESSIFE *® 1,769 
SIOF*ALL RFLEED ORIFICE CELTA 8 e44A 
SINFwe ALL ROUNNARY | AYFR RLEED FLO FATE 8 2301 


®aTYTe CF RALFEN TO YNLET MASS FLOW RATE cs ATA 








PSIA 
PSTtaA 
PSTA 


PSTA 


PSTA 
PSTA 


LB/SEC 





‘4 
13 
1s 
17 
<¢ 


“a 
¢ 


20 
ak 
a 


27 


99 





PaESSIURE 
SUSP ATE 
(PS) 


8.407 
14,585 
12.796 
11.179 

9,748 

9.9773 

9,864 
11,408 
12,154 
1%.732 

9,925 


FC 


3K6 


PRESS, RF 
SiRF Ace 
(PSs) 


11.577 
12,54@a 





SUPERSOATC CRMPEFSSOR CASCADE 
ARL STREAMLINE AC LI° @&© 3 Tf 1 STAGE 


TNSTSIIMERTEN RL ANE PARP OrETERS 


sucTIiIor DPSsO1 pFS/01 PS/PT) 1 SS/FPT)1 PERCEKT 
SRR ACE CKNAN 
(SS) (PS8) (SS) (PS) 
§ S15 228? 2,446 2414 2269 13,69 
5,518 eo20 2,944 sue 269 26.98 
5,386 0 7A =, 760 2599 763 39.454 
5.674 2596 © ,0?F 2545 2277 49,47 
&.559 2433 227? 2478 370 57,88 
7.379 Paes 7165 ~442 ~d6A 6690 
R338 2428 e274 2478 2477 73.41 
A918 "(654 sous 2579 2435 &1,72 
9,134] 2726 Peelers, 2898 446 AG as 
O,408 «545 440 323 2478 cé.,g9% 
G,935 e455 e455 2 485 2 ARS 104.20 
eo iY Fryy PFTA)F Cb)! 4) J MCLE 
~ FoR 209 oS8 73K =.7°17 eth 2148 


SPLITTER VAKE PSRAMEFTERS 


SUCTION NPSs/N1 PeSsts PS/PT)1 SS/PT)1 PERCENT 
SURFACE CrkORCT 
res) (PSs) ‘§s) (PS) 
PL.U74 fal 2 3ee 2565 2438 GS.,57 
a,KAK ~782 .1¢5 2613 0334 112,63 

S236 -,977 2255 


4 





PFRFEART 
ChKORE 
(S8) 


13,45 
2k, Aa 
39,24 
4B 78 
57,75 
66.79 
73,77 
B2,41 
ac.97 
97,73 
AP, AV 


— 


CPI LE 


4? R08 


PERCENT 
cho al 
(Ss) 


93,37 
192,8¢ 
195,90 








SIPFRSNKTC CORPRESSTR CASCADE 


ARL STREAMLIAFE AC,1@ @ 3 Tf 


LOCAL CASCADE FYTT FERFCRMANCE 


¥ ae 2 MNJ Y¥,?2 MK)Y,92 PT)? 
PRRAET reY TURN M9? OP)1.2 v2 
PT)ye PyTP PAP P)KP P)Sp 
6,24 1,298 2977 50! 19,2460 
7? 4,475 aCl714 7A 1,244 $144,171 
19,240 14,a75 12,249 11,739 11,573 
6,363 1,998 0970 2515 19,37? 
5% 5,479 TR LO16 Pa a teiS2 1144,638 
19,352 {4,242 12.245 114,615 11,617 
6,442 1-13 284 25S7 19,407 
$.$9 6,885 47,731 Pa a 1,797 1146,717 
at 19,384 11,091 T2505 L15869 11,812 
on 
6,82) 1.177 0972 0876 19,526 
14,99 ALa7R KOSH nae 2976 116A, 297 
19,4" 11,453 11,893 11,847 11,524 
AAC 1.133 958 eAfVB 19,2272 
1¢,9¢ G,9%6 34,389 2790 1,282 1173,2956 
19,177 $1,428 11,3708 11,688 11,287 
&,A7G 2795 2A75 429 16, 3Ra 
24,98 Q, 38K 34,048 o72?4 4,104 RAFI,BIS 
16,9°% 11.176 42.190 11.142 14,992 
a: 
~ 6,75A e718 2433 23?) 15,237 
on 29,98 4,344 39,974 A238 5.268 7#5,351 
15,237 10,857 11,493 10,91¢ 19,885 
io) 
_ 


STAGE 


PIO 
PT) 
RETA)P 


9,748 
92,519 
w 4, KS 


9,202 
20,912 
oO URE 


9,253 
22,5946 
e272, FRI 


alma? 
20.534 
o1, 488A 


R84? 
2a,539 
2478 


1%,798 
an. 5a9 
=. 788 


1?,89a 
27,524 
~S.11a 


ETYO/PT)4 
pry 
PT) 


, O20 
20,4848 
20,892 


69458 
27,462 
QV, 48 


064 
27,468 
20,897 


0959 
20,6Re 
20,807 


0987 
20, 4R8 
27,879 


2799 
27 ,ace 
20,499 


0748 
20,408 
20,5839 





RETAYD 
epTrir,a 
TT)4 


27,139 
97,503 
541,674 


97,9364 
o7,487 
§R1.979 


20.4119 
97,807 
§A1.079 


3?,612 
20,807 
§61,°79 


32,468 
22,509 
SAU ,734 


S1,0°2 
27,800 
SA1,079 


DA, BR? 
av 81a 
560,724 


: i RP | 








SIIPFOSAATC CORERFSESNR CASCANF 
ARL STREAMLINE 8OC.31% © 3 TC 1 STAGE 


LOCAL MASCARE Fy TT PERFORMANCE 


&)? y wAYD MND ¥,2 MAY, FT)? FY? OTIO/PTI4, RETAQ2 
4 PEePT OrV TURD be) DP91,2 v)2 PTA PTIC PT)O,4 
4 pTY Ve PYTP PYAP PK PSP PETA)P PY)4 8 i 
139 ARAB ,aee .742 946 16,940 17,804 2077 28,192 
Sey $8,064 2.6SF 44, SAE 2925 «03, S88 994,287 27,512 27,473 22,4605 
474 16.G40 1¢,789 11.919 11,.18¢ 11,217 eR ADA 2V.4608% SHU,734 
P34 6,917 1,788 2768 2500 18,975 9,953 0925 27,454 
40? 40,04 4,014 19, Gal .tDF 1,579 $133,395 29,508 20,489 27,408 
°7s 18,962 11,924 {2,112 11,519 11,577 4,840 20,497 SAV,734 
119 A, oGK 1.12? 2 OBA 544 19,700 A,o98 961 2A, RR2 
So7 6%.94 AL 3GR 17 GRR .7ar aa: 111A, 297 27,523 20, 4G4A 27,809 
°793 19,F 8G 114.332 12,123 11,742 11,783 -3,198 27.5709 561,979 
12 7.075 1.127 .974 54S 19,4348 ALORA GF? 30.128 
59? $9.03 7,589 46,797 2732 of Fo 11FR,AO7 24,529 20,492 av e5ie 
°79 19,7G4 11,984 142,963 11,479 11,847 -1,8F7 20.51% 567,734 
ana 7,184 1,123 O89 SFG 19,7946 9.712 2 S68 31,317 
Rog se o78 AL7RY AK 533 Lane .70P 14OS 16 97, S3A 29 ,4F9 oe? ,814 
724 19.78F $1,742 41,914 11,866 11,839 2.673 27,519 $61,979 
cee 7,233 1,108 L ORF 252 19,437 9.415 9G8 32,365 
Sea £0,098 9,881 24,485 0799 = «1, 768 {152,673 22,571 20,518 27,844 
276 19,411 11.749 {1,458 11,839 11.720 365 2¢,543 S61,079 
RR? 7.312 .928 2770 2514 1,504 17.634 0602 833.714 
Kyo «8,99 11,187 33 436 1) 2.904 992,812 9,523 20,495 a7,5a8 
724 {8,824 11,665 $1,399 11,433 11,447 1,724 2¢,598 $81,079 


fale 


oe © ee ~ - a 








SUPERSONTC CFRPRESSNE CASCALE 
ARL STREAMLINE NOL1% © ¥ TL { STAGE 


LOCAL CASCACE EXTT PFRFCRMANCE 


y MNY2 MN)¥,2 MNIY,O PT)? Py2  PT)Z/PTY, AFT AY? 
PERT PRY TISRA My) 0P)1,92 v2 PT)N PT)C PT)N,4 
PTY YP PITP PyYRP PIKE P)SP RETA)P PT)4 TT 4 
7.391 nau J ATA 249 16, 99R 17,8 AD oF 24 34,087 
77,9? ‘4%..748 32,8400 oA2k S.n72 RO4,OR7 29,538 20,475 20.892 
16,978 11,468 11.992 Tt .3t?7 11,119 2.762 27,582 561.79 
7,479 2 f6A3 «St? Pa a 14,949 17,941 oh RO 30,042 
7$,%2 A, 4PR 35,908 0921 6.555 $75,859 2? ,504 20, 6R4A o4,504 
13,940 11.123 41.918 14,908 14,779 =) ,748 20,504 SA%,724 
7,%49 e510 2 ARP 0146 13,2999 14,913 2635 14,89 
BAP) °5.945 BU DAY 2717 7,478 574,949 24,534 29,495 or .aIS 
13,729 14,798 11,773 10,66! 12,879 91S 44} 27.815 SA0,724 
ron 
7,f 28 of 51 A283 7 1 RR 14,545 17,938 e779 14,407 
85.71 25,727 50,243 2719 5.986 726,943 20.5885 a0, See 27,597 
14,848 17? ,#99 12.791 17,594 1A, SA} 15.18% 2¢.597 §61,.¢79 
7.797 0776 2736 2251 16,304 10,998 .798 18,49 
G7.71 ed Fes ae 2724 4,901 AS3,194 27.519 20, 4RA 7,509 
146,373 10,487 17,455 17,797 17,746 943,141 20,592 SA1.V79 
7.784 7 PTA 718 ot74 17, 85a 1A R35 2P74 91.728 
95,74 oi R7R 48.124 AL de) 7.6864 946,566 27,525 2V.477 27,501 
17,459 19,594 12.919 11,187 11.193 ef%,a7a4 20.801 SAvV.724 
a: a6 as 5A a ; 
as 7° 1,958 298: 2467 19,873 9.382 2°20 28.139 
17A.9A 2,475 41,711 Ate 1,632 11096,1a7 24,528 20,449 97,acs 
wn 1A, PAO 19,855 12,486 11,461 11,51? 26, A) 20,408 SAV,724 
ww 
nd 





= S - 


bx? 
0,4 
Y4 


28? 
"92 
v79 


G42 
&O4 


734 


Keg 
515 


7234 


ao? 
&97 
“7% 


MNDX,2 


NOY? 


e758 


MRIY,2 





SUPERSONTE CFRPRFSSNF CASCAnE 


ARL STREAMLIAE AP IP @© 3 TO 1 STAGE 


MASS AVERAGED FYIT FONE ITIONS 


MAYQ RETAXS PTID/PTI4 


,OSR 297,046 oP 7R 


Cascane FYTT PARAMETERS 
BASEN AN MASS BVERFAGED CONDITIONS 


PT)? PY)? TT 22 TT)2/7)2 
449 1A 710 O ORD 561,279 1,184 
MYYFO EXTT CONT ITICNS 
*KYY,? PT)? PI? TT)? TTIO/T)2 
AAa*® 17,648 14,715 S61,a79 1.153 


\ 
K)O/h)4 
.999 
KNI@ RETA}2 
875 30, SRS 





F)2s/P)3 
TPLP 
PETA)C 


1,684 
040 
33,475 


PYA2/P)1 
TPLP 
RETAYC 


1,P102 
064 
44,4858 





SUPERSOKRIC COMERFSSNR CASCADE 
ARL STREAMLINE NC,4? & 3 TO 1 STAGE 


OVERALL PFREORMENCE 
MASS AVERAGED FxIT CONDITIONS 


PTJOAPTIL VIOZVIL VIAPSVILEX VISSVII-Y RIS/RIL TI2/T)1 OMPF OA 


NF DFYED mVdY FN) OPS/11 Dey TLRN 
AYPsSAVI 

2578 svat 1,619 2 347 1,499 1,275 Pe ia 

432 1.656 2582 1,296 462 §.415 RA LCS 

244! 


OVERALL PREFLRMANCE 


MIXEC EXIT CONDITIONS 


PTVAPSPTIL VIOZVIE VIASVII—X VIFSVII,Y RIYQ2ZRIL TI2/T)! OMEGA 


nF DFIEG fV)Y FN? ORPS/O4 OFV TURA 
A)?/A)) 

56! 267 1,46? 2369 1,464 1,937 2164 

2 4A6 1.799 SAG 1,293a 2548 R.949 BA LOR? 


. 468 





PRESSURE RISE COEFFICIENT(P-P1)/Q1 


u 
=) 





ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


AIRFLOW , sic aaa 
oi 





ees 
® $.S. 
m Tsé. 
SPLITTER 
“x F.&. 
e S.S. 
* 
A a& 
> mK 
a 
A A 
A A a 
A ® Og 
a ® 
1) 
© ee 
© 
© © ® * 
2 
INLET MACH NUMBER 1.460 
4 686 
0 20 40 60 BO 100 
PERCENT CHORD 03/09/77 
62531 118 62531 











ewe SE = —_ 


—s _ 


se 


EXIT 
MACH NUMBER 


o 


oe 


RECOVERY 
oS 


TOTAL PRESSURE 
o 


o 


EXIT AIR ANGLE 
(DEGREES) 


62531 119 6253 NH - 


i=) 


Lo] 


o 


SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STACE 


PROBE TRAVERSE BEHINO BLADE NO. 4 





AXTAL PROBE LOCATION,.INCHES. = 0.490 
CASCADE [INLET MACH NUMBER = 1.460 
CASCADE STATIC PRESSURE RATIO = 1.686 
> > &$o 
© & ® ® ‘ 
® 
co) 
8 @ © © ® 
® 
6 ® e 
® 
aad AAA, 
‘i “ A ms aA 
A 
a A 
8 a A 
A 
7 = 
a 
0 20 40 60 BO 100 
PERCENT PASSACE 03/09/77 








SUPFRENNIC COMPRFSENR CAaSsCAre 
ARL SYPFAMLINE §C,.19 = 3 TC 1$ STAGE 


SPLITTES VANE SFTTIAG 4NGLE & 39,78 DEGREES 


CaSCade INLET CASCANE YTHFAL STATIC PEOME PATA TAKEDA PROBE AXTAL 
VAC me AUMRER PRESSUQF RATIC RreeRTNED RLARE LOEATION (CIN,) 
$, 489 1 Oe oe lt 4 ac 


MISCELLANEOUS TEST SFCTINN DATA 


PROKE PeORF PROPE TEST SECTION TUNNEL TOTAL 
TANGENTIAL SPANWISE ENGL F ANGLE TEMPERATI RE 
POSITIOK POSTTION (SEP. TAKRG.Y (REF HOKTZ) 

CINe) (IN,) (NEG. (NEG) (MEG SR) 

7, RHS 1,501 R7 BK 24,974 al ec 


OZ | 


SUPFRSONIC FLAw PFOAPERTTFS ACROSS LFALDING WEDGE 


NOZZLE + COMPRESSION WAVE (Nw NSTREAM TOTAL 


STATIC 

EXTT © EXPANSTOR ANGLF MACr PRESSIIQF PRESSLPF 

MACh NO, OF FLOW KUMRER RATIO RaTIc 
1,500 1.174 43,9755 1,442 1.4aa 1,957 


is¢3év. 











SI PFOSPAITC FRREGCESENK CASTANE 
489i STREAMLINE ACL1A @ 3 TO 4 STAGE 


PRESSIIPF FATA FROM SCENIVALVE @ PSTJA 


TA STANT VaL Ve SCANTVALVE STArTVAL VE SCANTVALVE SCAATVALVE 
IN.) PrRT NO, NC, NO, NO. 
# a ¢ 4 { 
Q 2A,579 a7, S84 Pa ,584 au S89 
i! 19,154 7,08} 6,321 1.446 
‘is 11,642 BL73R 12,497 5. 4P4 
1s 12,738 6.799 12,232 5.655 
i 11,945 $4,407 He ee ke KORA 
14 14-819 11,469 10,7664 & RAG 
21 2a. 54 {9,459 9,331 7,777 
aa 1A, 1A 14,498 10,112 & AS? 
25 19.198 92,2702 11,965 9,148 
a7 12,487 17, Are (2.3063 o,5¢u 
2G 1A, 434 10,464 19, 9eR 10,974 
31 17,185 14,5¢8 19,219 20,804 
33 14,4A9 12,584 17,208 9.9R4 
36 [@.t7s {4,473 0.2907 2.54A 
37 14,184 19,347 17,194 1,504 
4G 17,814 14,463 19,253 £4877 
44 17,431 {4.325 14,248 1,471 
42 24,541 14,5092 11,.9{2 G¢.2S93 
4s 5.182 20,577 12,675 7.7F9 
s 47 an. 620 an, Ska 27, SR4 6,985 
be 
]¢ 
SPLITTER vVAne PRYSIC A! PFSTEN PARAMETERS 
7 STAGGER VANE T/C SPLITTER 
ANGLE CrKORD RATIO LOCATIORS 
(MEG) (JNJ 
39,750 1.185 .4a5 50% 
; 




























SUPFRSO*X TC COHMPRESSOE CASCANE 
ARL STPFAMLIKE ACL 17 © 3 TO 1 STAGE 


FASCADFE PRYSICAL CFSTEKR FARAMETERS 
STAGGES CHORD BL ANE TsC }8=60bxTT TO INLET EYIT TO INLET 
ANGLE SPACING RATIC SPAN PATIL SPAN RATIN 
(NEG) (TR) (TN) (BLADE EXIT) (PRCORE MEASURING PLANRE) 
59,016 3,204 1.584 728 ohié 4A? 
INLET METAL ANGLE FYTT METAL ANGLE 
PS es M| nal 
(OF REEFS) (NEG,) 
61247 £5,679 F4,448 92,834 


NOZZLE EYIT CONDITIONS 


NS 
MNYC PTI TT ¢ “IN HFTA)S 
1.506 20,871 SAC 04S G. 300 45.724 
; CASCANE IALET CONALYTIONS 
i: 
a J 
MND PTY TT)4 RETA)! Py4 My 9.1 
mn 
2 
; 2 1,442 29,571 58A,048 66 AR? 5.929 228 AL AEE 
1)8S IY ML MNIY,! MR)Y,1 TT/T94 PT/P)1 AR/1 Uwe 


1,344 1,427 3.474 1.486 





StS 


SCENTVALVE 


PORT 
” 
2% 
95 
27 
29 
a4 
MEAN EXIT Qrs 
STATIC CEVTATION 
PRESSIIRE 
{P STA) 
19,280 152 


SCOKTVALVE 
PORT 
” 


MEAN TRATLING ENCE PRESSLIFF 


SUPFRSONIC CrMPOESENE 
STREAMLTAE AKC L102 @ 


CLASL ANE 


ARI 3 Tf | STARF 


CASCADE THFAL PERFCRP ANCE 


PASE! AA SINFWALL STATIC PRESSURES 
PRESSUSF [DATA FaCH SCANIVALVE © PSTA 
SCANTVALVE SCANIVALVE 
NO. PORT 

3 t 
{A,14?@ 42 
12,196 4s 
10,437 37 
17,484 4G 
14,143 a3 
MEAN EXIT Kes [OFAC EXIT 
MIN@PASSACE PEVIATION MACK NO, 
STATIC PRESSURE 
festa) 
14,398 248 1,947 
ALANE TRAYLIAG FOGE PRESSURES 


PRESSURE FATA FROM SCANTVOLVF = PSTA 
SCANIVALVE SCANIVALVE 
NO. epreT 
) 


4 
$a 
35 
37 
30 
4} 


(PSTA) 17,229 


RMS DFVIATICN 


SCANIVASLVE 
NC, 
3 
14 ,4FG 
19,171 
10,183 
12,316 
19 ,€31 


CASCARF TMK SL 
STATIC PRESSURE 
RaTre 
(PYAsPN1) 


1.736 


SCANIVALVE 
NO, 
4 


17,219 
19,208 
14,207 
19,194 
14,2583 
1%.268 


022 








AR 


L STREAMLIKE NOG © 8 


SIMEWSLL ROUNDARY LAYER PLE 


KORTR SINEW 


ALL SLOT PREESSIRE 


SOUTr STMFEKALL SLOT PRESSLEFE 


NORTF ALFED 


SOUTR BLEED 


SIDEwALL ALEEN 
SIMFRALI BLEED 


SIQDE*ALL BLEED 


MANTFOL™ PRESSI#F 


MANIFALD FRESSIBRE 


SINFWALL AROUND ARY 


ORTFICE TEMPFEATIOF 
ORIFICE PRESSIKE 


ORIFICE OFLTA F 


LAYER PLEER FLAK 


RaTIC CF RLEFED TAH INLET MASS FLU 


<r 


TO 4 


SINPFOSOATO COPMEGESSOR CASALE 


STAGE 


FD PEREORMAKCE 


FATE 


RATE 





s 2,784 
= 2.84% 
z 1.594 
® t.5677 
s849,38558 
= 1,471 
s 2423 
2 2195 
= 2446 





PSTa 


PSTA 


PST 


PSTA 


PSTA 


PSTA 


LB/SEC 


1 
13 
18 
17 


~ 
a 


a 
el 
9? 
Pa 


4x 


P C 


47 


PRESSURE 
SURFACE 
(es) 


9,321 
19,497 
12,232 
Ti -at7 
1%, AF6 

9,331 
14,1108 
11,965 
12,373 
10,948 
14,223 


FC 


2378 


PRESSIIRE 
SURFACE 
(es) 


11,91¢ 
12.675 


SUPEHSORTC COMPEFSSNR CASrAne 
ARL STREAMLINE KO,19 = 3 TO 1 STAGE 


INSTRUMEATED AL ARE PARAMETERS 


SUCTION 08/04 DeS/O4 PS/PT)1 S$S$/PT)1 PERCENT 
SURFACE ChORL 
(ss) (eS) (§8) (PS) 
KGa 2 4A #749 453 267 {3.69 
4, ARE 2517 *.349 0519 -267 26.98 
BARS 2713 =.a3r 2595 e275 29,46¢ 
SOK 0523 2307 2555 2294 49.07 
& R40 468 21@8 489 . 333 &7 Ae 
7,777 . 385 2209 2484 23748 66.49 
8,682 478 2376 2AG4 2471 73.41 
0,148 2 8R? 2 are nh? 444 1,7? 
o. S29 a7Ry 404 2598 442 6S .u4§ 
10,076 S570 , 469 258s 490 96.93 
17,223 2486 2 4K 2497 2497 = =—61 00.08 
Fryy Fryy RETA)F coy! cL) WCILE 
e275 0213 34,626 798 0575 e908 


SPLITTER VANE PARAMETERS 


SUCTION pPsysny DPS/Q) PS/PT)1 SS/PT)1 PERCERT 


SURF are CRORD 
(ss) (PS) (Ss) (PS) 
0,293 2576 oR! 2579 2452 95.57 
7.769 ~762 ~130 2416 2344 117,83 
8 ,a8S 718 2294 


de 


PERTERT 
renaD 
(SS) 


(3,45 
26.48 
39,24 
4k 7® 
87,75 
66,a9 
73,77 
a2,41 
aG.G7 
97.73 
{20.77 


CP)LE 


39,328 


PERCEAT 
renee 
(SS) 


93.37 
192,52 
199,70 


eZ 


PERCY 


a 
. 


i4, 


re) 
~ 


19,99 


24,98 


29,9" 


DEV 
PYvye 


R.O84 
7.434 
19,48 


&, 343 
7,915 
19,522 


6,442 
Rak 
{9,647 


B81 
10,297 
19,555 


KAO 
11,990 
18,373 


6,#79 
12.232 
15,79 


6.758 
4,444 
13,796 


ae 


¥N}? 
TLRS 
pyTe 


4,789 
THK RB 


11,549 


{ARS 
BAL APY 
¢{,688 


1,298 
35.352 
11,817 


1.178 
34,106 
11,417 


, FOS 
22,396 
$i ,4732 


2729 
12,784 
11.548 


2494 
19,878 
11,187 


SUPERENATC CrPRRFSENE 


STSF Am JAE KC.) 
Lor aL craSe ave FxTT 
MNS y¥,? wMAIV,92 
“)2 6F5 1.2 
PyRP Pye 
943 0546 
oF? 1.76 
12.186 11,864 
934 «550 
eAadv 1.096 
2.98 11,9%6 
oa? e574 
oAar 904 
12,9759 12,2723 
298? 2599 
2729 3 FkO 
$$,746 11.934 
2738 o5t7 
2928 2.198 
11,386 11,478 
2509 e414 
724 4,892 
11.232 11,299 
2442 2228 
otf 7,475 
11,518 i1¢,97" 


tase 
= 0 4 


PERPL OM, 


PTI? 
Vv)? 
eySe 


19,524 
1125,610 
11,885 


19,545 
1432,525 
11,994 


19,847 
1163,46223 
11,881 


19,5A4 
1181,455 
11.829 


18,373 
QF4,144 
it, 897 


15,879 
AC3,QG7 
11,2164 


13,998 
Sei, 474 
14,914 


Ane 
STAI.F 


nce 


PD 
eT)N 
RETA)? 


S,261 
27,489 
22,492 


G.4308 
29,444 
2.411 


G,299 
22,552 
-.SA? 


9,4RS 
22,8892 
2784 


14.948 
2?,.536 
1.994 


11.159 
27,844 
2.576 


11.A71 
27,54? 
=5, 485 


gr eee > 


PT)A/PT)4 RETLYO 
PT)IC PT)C,A r 
eT 4 TT94 
oer 99 ,GCF 8 
26 ,42A 27,4389 4s 
20.439 S589,7¢? 
982 36.445 
20, 43¢ 20 .a4" é 
270,464 S8S,7¢77 
~oS4 31,408 
2° .,544 2? 84 
27,848 547.9645 
952 32,741 
27,530 27,845 5 
2¢,8f8 SA9,765 
nod | 44,684 
20,500 2¢.518 - 
20,517 889.7¢e9 
srre BG,784 
20,804 2¥.525 G 
2¢,828 559.70¢ 
0637 26.¢75 
2?.,S78 20,834 G 
20.824 889,700 
a re 





Tay 
ir 


T)4 


>” 


.70 


~ 408 
848 


0748 


74 
R44 
048 


684 
538 


7? s 


766 
525 
«707 


.o75 
2524 
6700 


PERT 


aK 44 


“se af 


Ae 9 


65,92 


pce PRORE 


DEV 


PT \ YP 


6, AaB 
eS ese 
5 BN SP oe 


&.“17 
eA, AAD 
$4,747 


&.G94 
=1,0%38R 
16,434 


7.975 
738 
17,RO4 


7.184 
3.174 
12, BS7 


7,233 
$671 
19,9990 


7.312 
7,126 
19,219 


SUPERSONIC CrrePOrFSENEG 


ARL STRFAMLIKE AC, 30 


wD 
TLRs 
P)TP 


227 
40,3792 
14,898 


S52 
Oe, AIK 
19.728 


767 
46,284 
1v,A8S 


2859 
43,578 
1¢,41° 


2915 
41,142 
11,114 


4.9538 
1h, 645 
11,334 


1,458 
76182 
11,480 


LOCAL CASCADE 


MNYW,? 
My)? 
P)yap 


502 
17 
ti, e468 


2619 
o2R 
12,26? 


o718 
aoe 
19,447 


.7KO 
0927 
12.8048 


2895 
929 
12.513 


2o2# 
eASP 
12,3467 


2918 
Pa AL 


12.6%27 


MANDY,92 
DP31,? 
PYKP 


oi SF 
7,eiF 
10,7090 


204 
5.823 
17,248 


627° 
4, ta? 
11,999 


‘a DvD a 
‘aA Da 
o 


—=-~ 
> 
ss *. 


2397 
1,713 
11,634 


. 408 
1,34F 
11,705 


521 
1,385 
11.767 


FyYTT 


ae TO 4 


FASCARE 
STAGE 


bECRORMANTE 


PY)? 
Vv}? 
PYSP 


13,383 
5O4,50R 
19,748 


14,747 
725,A20 
12,785 


16,434 
B41,9R8 
11.149 


17,494 
Qin, 7Kh7 
11,546 


18,857 
OF2,51R 
11,898 


19,923 
1179S, Aa7 
11.817 


19,215 
11705,997 
11,497 


PY? 
PT)O 
PETA)» 


11,@8¢ 
90,518 
]-14,GR9 


11,78" 
20.517 
©14,224 


11.131 
27,523 
“11,844 


11,952 
22.529 
#9,188 


19,964 
20.579 
©6,752 


oO, 534 
a”, 545 
#4,255 


$,532 
22,534 
@?,8A2 


PTYSSPY)4 
PTIN 
eT)4 


2f49 
20, 456F 
24,809 


071? 
20,462 
2¢,40° 


~799 
2V,667 
20.46% 


2670 
av ,5ua 
20,816 


«87 
27,843 
2° ,856 


.o34 
20,800 
20,823 


0934 
av ,487 
ae.sii 


BPTAYD 
pTyr,4a 
TT) 


17,478 
9¢ 572 
SS9.70" 


16,034 
27,acr 
38° .797” 


27,865 
27,6¢5 
®5G.70% 


23.772 
27,817 
§5G.,355 


25,7¢% 
97,587 
RRGL702 


DF .208 
97.893 
55G RRS 


29,4KA 
29,511 
RSO,700 








SUPERSOAIC COMPRESSOR CASCANF 
ARL STRFAMLIKE AO.1@ © 3&3 TO {1 STAGE 


L™Cal CASCACFE FYTT RPERFOCRMAKCE 


y ae we) MNYY,2 MAYY,2 FT)2 pP)\o2 PT)P/SPTI4 RETA)? 
Pea CT PRY TIBN MYO DP34,2 V2 PT)N PT) PT)OC,A 
PTY YP bYTP P)RP PKR F)SP RETAYP PTY 4 TT)4 
7.391 1,253 80H 258? 19,912 C, 434 $24 31,683 
70,292 A.GS4 45.362 0229 1,859 119¢5,087 27,558 20,4746 2?.517 
19,708 $4,482 {2.714 22,656 11,4584 °.972 20,817 SSG,ABS 
7,470 2 2V 2704 2422 17, a2] 19,94” ~f27 39, O8R 
75.92 8,474 aR ROD 2797 3,850 AGA, 443 OU, 4A4 20, 43— ov, 489 
17.921 49302 29,862 11,257 11,236 o1,822 27,489 $59,285 
7,549 «7 22 e662 Pes ie 15,748 11,140 ~767 DRL AR? 
a0 .?} 2,088 41,3453 2224 4,R02 797,383 20,404 27,¢5R 90.475 
i 15,748 11,921 11.941 11,146 11,9438 @6,97484 20.478 SSG,3R5S 
7,28 PAR 2788 376 17,898 14,948 2 AT 25.6232 
5 | 3.798 41.21" 0926 2.4672 928,915 on 534 20,488 O>,844 
17,898 170,970 12,2942 11,595 11.¢22% =6,898 2@,.511 559.385 
7.797 1.176 2977 oS? 19,404 9,917 2944 28.013 
97,71 §.479 tH ART 0799 $2179 $184,141 27,895 2°, 476 av.8en 
19,374 11,1866 142.298 11,775 11,609 =4,4R7 20.80A 859,704 
je Fura 1.787 96% 2536 19,4274 9.244 oG4A 99,84 
j 68,99 7.906 37,3192 ASF 1.15? 1124,940 om, 464 oU,4?4 97,441 
19,497 11.432 12,158 11,867 11,743 22.950 20,4414 559,79" 
t 
> 
8): 7,f65 0925 2799 0474 19,799 10,937 092A 30,684 
-" 100,80 B13 36,184 0929 1,472 0$5,313 20,478 20,419 97,449 
o 19,799 11.599 11.989 11,904 11,781 =1,A96 20,46R S59, 385 





by? 


‘4 


ore 
547 
aaa 


Qea 
449 
aKS 


467 


475 
3a5 


6232 
Rq{ 
aa5 


vas 
ge 
7G? 


542 
eat 
79? 


BAA 
649 
555 


WW) 


VANS 


¥,? 


ays 


X¥,?2 


Awl 


RA 


MNIY,2 


2435 


MKYYL? 


2432 


SIIPERSONTC CrMPRESENR CASTANE 
STREaML_LIAE ACL{% @ 3 TC 4 STAGE 


MASS AVER AGEN FyTIT CONDI ITIANS 


“V2 RETAV? PT)AsPT)4 


924 28,072 4,75 


CASCADE FYTT PARAMETERS 
SFU ON MASS AVERACEL COMOITINAS 


PT)2 PYO Tt? TT)A/T)2 


18,9A*R IP, 370 SEA, AAS te373 


MYIXEC EXIT CCNOITIONS 


PT)? P)> TT)2 Tr)P/T)?2 


17,682 12,98” Sf, 045 1.145 





MI2/M94 


2992 


~N)2 RETA? 


ASN Av ,4a7 


~. 


SUPERSOATC CrMPRESEOF FASCANE 
ARL STREAMLINE 80,12 © 3 TO 1 STAGE 


PVER ALL PERFORMANCE 


MASS AVERAGED EXTY CONDITIONS 


PJ2/P)1 PTVS/PTIL VIOQAVII VIGAVILOX VIA/SVILZY RIS/SRIL TISSTI1 CeFGA 
Te, e oF NEVER myvyy RNID OPS/OI ney THEN 
BFTAIC Ay2s/4)1 
1,75? 2875 .FOA 2 5FS 287 1,437 1,219 Pet sh 
V4i 455 fart? 591 1,284 2573 & KX GPR O7T7R 
32,95¢ 4146 


CVEFALL PERFORMANCE 


MIXED EXIT CONOTTIONS 


PYPSPV1 PTVASPTIL VID/VIL VIB/VIL¥ VIA/VII,Y BYB/RAI1 TI2/TI4 OMEGA 
YPLP OF DF IEG pvyy ENY2 OPS/O1 DEV TURN 
RETAIC ay)PsA)1 


1,884 2ASS 2 AR 1,428 2359 1,488 1.268 6199 
004s 2544 1,834 2 SFO 1,271 2571 7.913 RA, 403 
29,747 47) 
125 62521 











PRESSURE RISE COEFFICIENT(P-P1)/Q1 


-0. 





ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


AIRFLOW oe 
eS 


INLET MACH NUMBER = 1.462 





0 20 40 60 BO 100 
PERCENT CHORD 03/09/77 


126 








SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TG 1 STAGE 


PROBE TRAVERSE BEHINO BLADE NO. 4 
AXIAL PROBE LOCATION.INCHES. = 0.490 
CASCADE INLET MACH NUMBER = 1-.462 








CASCADE STATIC PRESSURE RATIO 1--752 
1.4 
a ld 
S ee? oOo om 
t+ 51.0 
_ rd © 
x © ® ® 
w+s0.8 ® ® 
Q ® ® 
x= 0.6 sd 
® © 
0.4 
a 1.0 
—_ aos ao”®>*a AA, 
We Od A 
A A 
rf A 
. 50.8 a 
e: 4a a 
Zo 0.7 a 
© a4 
- 0.6 
lJ 
al 
a 
qo 
= 
Tw 
~~ CO 
x 
Wd 
0 20 40 60 BO 100 
PERCENT PASSAGE 03/09/77 


id @252) 











FaSCADF TALET 
MACH SUMBER 


1,44 


POnKE 
TANGENTIAL 
POSITY* 


CIN.) 
= 7,068 
\O 
NOZZLE 
FXJT 
MACH Nt, 
DB 
law) 1,5a¢ 
an 
wx 
a) 





SUPFRSTKIC COMPRESSOR CASCANE 
ARL STREAMLIAKE NC.3% = & TCO 4 STAGE 
SPLITTER VANE SFTTING ANGLF # 39,75 NEGREFS 
CASCADE IMFAL STatTrec PRORE MATA TAKER PRORE AXTAL 
PRESSUQF REATIC KFHING BLADE LOCATION (IN,) 
Pe) a 4 2497 
MYSCFLLAKEOUS TEST SECTION HATA 
PRORE FRORE TEST SECTION TURNEL TOTAL 
SPANWKISF ANGLF ANGLE TEMPERATURE 
POSITTON (REF, TANG.) (REF, RORT7) 
fIN,) (NFG.) (DEG,) (DEG.R) 
1,504 5@ .7ie 24,388 861,426 
SUPERSORIC FLOw PROPFRITTES ACTFOSS LEFACING WEDGE 
+ COMPRESSTON WAVE COKNSTREAM TOTAL STATIC 
FXPANSTOA AKGLFE MACH PRESSURE PRESS( FFE 
Cr FLOw NUMBER RETIO Ratitc 
1,122 43,119 1,460 1.299 1,96? 


De ea ge 





SUPER RNMATC CrMERFSSNS CAaSsftane 
ARI STRFAMLIAE 4O,4 e & T0 4¢ Sr eRe 


PEESsSiivne MATA Fat Sf anNTVAl > @ PSTA 





RT AL SCANTVALVE SCANTVALVE SCAATVAIL VE SCANTVALVE SCANT VAL VE 
FLAN.) PrRT Os a Kt. a 
t 4 ? 4 4 
e 20,517 20, 508 oe. So4 or. sen 
19.335 & 720 GRE 12. 337 
14.479 C,¥1i?7 4 , ea7 5.544 
13.90} 14,114 12,705 5 FR? 
11,648 14,569 11.143 6.324 
11,7? {Veree 9,AcR & AUK 
PAL ARYA o. 739 o,2%4 en ae 
12,428 14,981 17,891 ©. 0 66 
14,420 14,649 12,162 9,389 
14,7142 19,794 12,479 9.F02 
14.599 10,804 11,14 10, 4v? 
19,3658 14,56? 10,51? 2.328 
14,495 17, 7e¢? 17,4500 2. 7RS 
14,47} 10,724 1%9,4G4 2,952 
1A, 488 19,529 19,464 1,602 
19,515 14,888 10, 3@2 1,54” 
147,955 11,378 10,554 1, Pe5 
24,489 14,562 12,283 B.974 
S.14f 27 ,5¢9 17.828 & 436 
an.518 27,585 9a, 5ka 6,588 


SPLITTER VANE PRYSTCAL [FSTIGS PARAMETERS 


STAGGFR VANE Tse SPLITTES 
ANGLE CRKORD RATIO LACATTIOA 
(CEG) (IN) 
$0,780 1,165 2265 50% 





~~ 


\e 


iss 39 


STAGCER 
ANGLE 
(NEG) 

SO 314 

\ 
aut as 


rT HORT 
(IAN) 


4 are 


MNOS 


1)388 


1,371 


—— 


SUPFRSOAIC CrrereSsSre Cascane 
Awl STPE AML IAF NO,10 =» § TO ¢ STAGE 
CASCADE PRYSICAL MESTGR PARAMETERS 
BLA DF T/C EYTT TO JALET ExTT TO INe&t 
SPAPIANG Pavric SPan RATIC SPAN BATTS 
(tm) (RL OOF EXIT) (PRCRE MEASIRTNG PI_ANEY 
1.oo! M26 cots 467 
INLET METAL ANGLE FXIT MET Al ANGLE 
PS ss rl Ml 
(NFGREFS) (QEG.) 
AY,417 65.479 BA, 446 22.534 
NOZZLE EXIT CONDITIONS 
me PTIN wT YO “yn RETAIN 
ve 27.508 S61,4¢4 6.279 68 847 
CASf#ADE IALET FPONCITIONS 
le TT)) PETAY$ PY] M51 Q)1 
27,506 541,494 64 BaP ®.919 2249 A.ee9 
T)™l MR) Y¥,1 WMADY,1 TY/T)1 PTsP)4 NR/V Cees 
3,422 2574 1,349 1,424 3,464 1,477 











Ney 


STANTVALVE 


PORT 
bd 
O34 
a5 
oF 
29 
a4 
MEAN EXTT RWS 
STATIC NEVIATION 
PRESSURE 
fP STA) 
19,587 2129 


SCANIVALVE 


PORT NO, 
# 4 
MEAN TRATLING EDGE PRESSURE 





SUPFRSMKIC CAPPRFSSNME CASCANE 
ARL STREAMLIKE AOL40 » 3 TC 1 STAGE 
CASCADE IMEAL PERFOR ANCE 
RASED ON SINEWMALL STATIC PRESSURES 
PRESSIIQE MATA FROM ECENTVALVE » PST 
SCANITVA( VE STENTVALVE STANIVALVE 
NO, PC RT NO, 
a t | 
14,428 33 12,495 
14,429 8 14,471 
12,712 37 17,466 
14,599 4O 12,5158 
10,365 44 19,G58 
MEAN FXIT heS IDEAL FxIt CASCADE INFAL 
MIN=PASSATE AEVIATTOCN MACK NO, STATIC PRESSURE 
STATIC PRFSSURF RbTIC 
C[PSTAy tPY2/P) 11 
14,624 ~164 1.926 t 775 


RL ANF TRATLIAG 


PRESSURE 


SCANTVALVE 





FOGE PRESSIIRES 


MATA FENM SCANTVALVFE @ PSTA 
STPANITVALVE SCANIVALVE 

PORT NO, 

t 4 

a4 14,510 
33 14, &¢¢ 
45 127,496 
47 14, ¢9¢ 
3s 10,86? 
4 19,554 

fPSTA) 134,819 RMS DEVIATION ,A28 





SUPERBSONTC COMPEESSNR CASCANF 
APL STREAMLIAFE ACIP &©= 3 THM § STAGE 


STDRFWALL BOUNDARY LAYER FLEED PFEPFOCRMAKCE 
KOPTr SIMFHALL SLOT PRESSURE es 2,085 PSIA 
SOUTr STDFwALL SLOT PRESSURE s 2.35% PSIA 
NORTr HLEED MANTFOLD ERESSLRE 2 1,607 PSTA 
SOUTR BLEED MANIFOL® PRESSIEFF ro 1.54% ®STA 
STHEXALL RLEEN ORTFICE TEMPERATURE E549, 7A4 . 
SIMFKALL PLEED IRTFICE PRESSIFF 8 1.765 PSTS 
SIHE*ALL BLEED ORIFICE OELTA P r e752 PSIA 
— STDFRALL BOUNDARY LAYER RLFED FLOW FATE f& gars LEZSEC 
Ww 
- RATIC CF BLEEN TO INLET MASS FLOW RATE 8 273 
i 
' 
i 
n 
wn 
“ 
—_ 


| 
f 
‘ 








P2FESSI RE 
Ci 


PRESS)\RE 
‘ 


43 
a* 
47 





RP ACE 
(PS) 


G,4F5 
1A,937 
12,295 
19.413 

9, 8Ck 

Q,231 
19,811 
12.162 
12,472 
14,160 
12,527 


Fe 


e074 


RF ACE 
(PS) 


12,255 
12,4928 


SUCTICK 
SURFACE 
(ss) 


SiiCTIOS 
SURF ECE 
($8) 


&LO74 
4,836 
6. SRR 





SUPERSNATC COPKESFESSNOR CASTANE 
ARL STREAMLIAKE ACL19 @ 3 TC 4 STAKE 
TNSTRUFFEATED BLADE PARAMETERS 
PPSsOt DPS/Q4 PSsPTI4 SSs/PT)4 
(Ps) (8S) 
2424 -,442 7474 2270 
568 ° 442 2533 .2708 
2599 =, °26 ,ROA «ar? 
RB 266 842 .gaR 
2408 eA7® Pie ax! ~ 422 
375 2256 459 399 
Pay ke 354 ~527 244) 
2727 2397 e5o3 ~ 4564 
2742 3 442? eAre ~478 
2594 2007 2544 ~5A7 
PM ,O22 nis 2518 
FO)Y RRETE)F cD) 4 Gord 
e211 234,362 -,6 29? 374 
SPL TTTER VANE PAGAMETERS 
APSs9i DFS/O5 PSs/PT)} SSs/PT)4 
(PS) (Ss) 
0718 2 S46 598 O38 
2782 2174 2 f2& 2338 
o27F 032) 


PERCENT 


CrNRL 
(PS) 


13,49 
26,98 
39,40 
49,7 
§7 88 
BR LAY 
73444 
&1,7¢ 
PG as 
c6,a3 
12a, a¢ 


RC VLE 


148 


PERCENT 
CrORD 


(FS) 


95.57 
112,63 


—_ 


PFRCENT 
Cr ORT 


(§S) 


12,48 
26,88 
49,24 
ah,7e 
57,74 
BEG 
S37 
a2, 6} 
8O,97 
97.73 


Ap 0°? 


CPILE 


38.157 


PERCEAT 


CHORD 
(SS) 


93.37 


1°2,8" 
1a9,a0 








SUPFREMATC COMPSESEME FLASTANE 
ARL STREAMLIAE NCLI1% @© 3 TH { STAGE 





a: 
" 
a 
eo 
LOCAL CASCADE FYTT PERFFRMAKTE 
[4 
Y KNI2 MNIY,?2 MNIY,2 PT)? FY? PTVA/PTI4 AaFTA)?2 
PeecT DEV TURN Myo OP31,2 Vv)? PT)A PTI0 PT)C,4 
PT)yP PYTP Pyap PIYAE e)SP PETA)P PT)4 TT7)4 
6,284 . a4 216 tk 18, RFR 11,@83 920 26,043 
7A 3.829 AG RAT Aan 1,438 975,959 oe. 5P3 2°, 489 00,481 
1R, RAR 11,252 (2: ar? 1{,836 ae eS 25,947 ov, 481 §a1,.°79 
6,343 2976 2291 7428 19,199 11,024 2 O86 27 <8¢2 
5.00 4,088 Q,4aoR SAND 1,216 993,934 22,597 27,447 970,497 
19,199? 11,4468 12,41F 11,987 11,849 =4,46% 20,454 5A1,474 
8.469 e928 a1! 164 19,197 11,447 293A PB. FRI 
pe 9.69 6.127 TAL1 RG -A32 1,399 962,529 27, aR4 20,436 27,689 
nN 19,197 '£,872 12,201 12,706 11,829 ©3,3299 20,489 S61,.779 
6.521 . 9296 2A ~4#§ 19,149 1%.979 RT) ar .i4s 
14,9° yh le TATA 2729 1,397 QOG3, ROM 9v,agg 20,690 20,404 
99,429 11,432 12,994 11,99 11,734 ~1,845 90,494 $81,494 
I 6,420 ,91? . 789 , 4k 128,778 49,889 (O12 34,7388 
19.9% 9,275 35,111 2720 1,798 985,81 aa,5a9 26,468 27,485 
; 18,728 11,690 41,682 11,8890 11,537 °.251 2?,4FR 541,604 
K.A7G 2765 ~ASA 2394 16,499 11.195 bV4 Re, QRg 
24,64 A, 435 aR Ray 2708 4,917 P4A,519 20,5346 27,820 9°.594 
18, 4R9 41.43@ 11,862 11,477 11,743 1.771 2@,.528 $81,424 
i 5.758 of AS 2A15 2309 15,499 11,2937 27852 2A, BRS 
29.9% a, t#i 47,198 2228 5,786 7E3,5A5 9?,827 20,679? ee ,age \ 
15,429 11,18@ 11,824 11,2948 11,718 5.335 2¥.49R SA#1,424 





TAS? 
10,4 
7) 


943 
~ os 


«822 

497 
2494 
f 


of #l 
2 89 


2779 


2148 
404 
24204 


«739 
~4K4 
474 


2 PFD 
2594 
2424 


2684 
~4G8 
24274 


PERET 


35,74 


49,74 


AO L98 


-5.72 


JFY 
pTyyve 


ARR 
2,848 
16,793 


6.917 
4,038 
18,526 


6,996 
6°39 
19,441 


7,075 
7.399 
19,670 


Felina 
B.A sA 
19,66A 


7,233 
9,492 
18,714 


7.812 
14,189 
17,819 


SUPFESONIA FRMPRESSOL 


ARL STREAMLINE KEL QO 


RFK YO 
TURN 
pPyTP 


0777 
41,473 
19,110 


as 
49,278 
{4 267 


1,953 
38,277 
11.525 


1.958 
36,917 
114751 


963 
28 LARA 
11,985 


985 
14,914 
19,873 


2835 
4,157 
11,7558 


LOCAL 


MND ¥,2 
M32 
Pyap 


or @2 
0724 
124%¢98 


eri 
0927 


12.372 


925 
2932 
12 347 


0914 
0 AS? 
12.9558 


2823 
0 A392 
12,988 


a7o% 
22729 
11,864 


2704 
0X27 
11.62" 


VN)Y.?2 
OP)1,2 
PYNP 


eoeD 
2824 
12,708 


2498 
1.4938 
12,768 


~ 46B 
1,799 
12,714 


451 
2.686 
11,8PR 





rase 
o TO 4 


PT)? 
V2 
PySP 


14,793 
ASO ,157 
11,434 


15,524 
OFS, 36K 
119,754 


19,445 
$195,447 
11,049 


19,62 
1106,447 
12,438 


19,488 
1425,895 
11,979 


14,714 
95,346 
11,837 


17,819 
GOR ,a70 
11,658 


are 
STAGE 


CASCADE EXxTT FERFCRMANCE 


P)2 
PTIN 
AFTA)® 


1.27% 
27.519 
6,613 


11.137 
22.523 
#5, 418 


GO, 446 
20,593 
~3,417 


9.784 
20,598 
~2.457 


197,782 
97,599 
=,814 


11,251 
97,537 
2,754 


11.29 7] 
2? 521 
e713 


PT)O/PT)4 
eTye 
Td) 


2F19 
20, 4h) 
27?,8¢n 


.o0% 
20,674 
20,49R 


.94R 
20 ,4PA 
27,504 


e962 
270,409 
a0, 8i0 


2969 
PV ,4RS 
20,804 


2913 
20,486 
2?.8192 


.F FO 
27,475 
20,498 


RETAI2 
PT)M,A 
5 i ie 


o5.,877 
27.502 
561.4274 


9#,572 
97,403 
61.079 


2&,873 
27,804 
S41.079 


99.988 
27.8) A 
KKL,079 


41,144 
27.578 
541,424 


31.936 
20.812 
S61.V79 


R2,FOS 
27,498 
561.979 


e 








— ee 


SLIPFREMATC COMPRESSOR CASLANE 
ARL STREAMLIAKE AM LO = 3 Tf 1 STAGE 


LOCAL CASCADE EXYT PERFORMANCE 


y WNP MNYY,2 MKYY,92 PT)9 P)2 PT)2/PTI1 BETAI2 
Peart DEV TIRK “a9 mP)1,? v2 PT)N PT)C PT)C,4 
pT) YP pPyTe Pyar PAF r)SP RETA)P PT)1 TT) $ 

7.391 7 he 26346 2417 16,585 11,309 oF PG 33.285 

77.92 19,754 ILM 272 3.921 835,982 90.517 20,489 27,46" 
{4,888 14,639 11,446 11,647 11,489 1,298 97,.4FR 581,404 
7,672 ~ 587 .504 | 14,252 11,284 2695 39,882 
75.92 8,318 38,998 372) A286 REQ, 4A) ov. 533 20,474 oy 503 
14,282 27.455 1.586 11,818 Sp U1 m1,138 20,503 561.779 
7,549 . 4848 2480 21h4 13,253 11,286 646 16,587 
Py PAA) -3,977 4e 298 Pa bd 7 «253 586,132 24,532 20,478 27.505 
io 13,288 11,214 12,2708 11,096 11,a4a e1$,a33 27,5074 S€1,.424 
7,f28 Pa he | eh? 0188 14,417 11,291 e703 T7a7zi? 
85,01 o4,F15 46,131 oA{f &,78S 874,49) 22,530 27,472 90.501 
14,417 11,746 12.372 19 ,o7*8 14,951 714,971 ar. 51 BR ,604 
7.797 <7? 0477 2236 15,942 11.319 Pe a 19,209 
GPa} o3,225 47,441 A293 a.8K4 792,928 a0 533 27, 4eR8 97,8099 
15,942 1?,911 12,594 11,9¢4 {1.111 e12,781 27 ,808A 541.979 
a 
aw] 

7,784 2Ail 0784 2299 17,405 11,298 24a 91,624 
an 68,90 -,919 4% 9296 2908 3,101 APS .1296 22,534 2° ,478 o7,8e8 
io) 17,425 10.916 12,656 11,387 11,449 e1%,358 20,505 861.0779 
| 

7,RAS 876 2799 o S5R 18,448 11,194 GOA 24,187 

190,97 1.623 49,4983 2220 2,788 947,234 OO, S383 20,478 ov, 508 
18,468 44,3918 12,432 11,432 11,7258 =7 848 27,508 §A41,279 
\ 








FTrA2 
T)0,4 
TT 3% 


4,2A8 
4b 
1,424 


7.749 
e501 
1,424 


9,209 
>, 809 


1.?°79 


1,624 


J ROK 
. 


12°79 


6,187 


1.979 


MNYY,2 


2748 


SLIPERSOATC COrPRISSOR CASCANE 
ARL STREAMLINE NO,10 = 3 TP {4 STAGE 


MASS BVERAGER FYTT CONN TTIONS 


MKJ? RETA)? PTJ2/PT) 1 


4 . 
,e84a8 27, FAS 858 


CASTAME EXYTT PARAMETERS 
BASED ON MASS AVERAGED COANTTINANS 


MNIY,2 PT)? Pj)? TT)92 TT)A/TI2 
392 7 Var. 32 yhe? §61,4274 14243 
MJ VYEC FXYTT CONDITIONS 
MRYY,2 PTY? PY? TT 2 TTIV2/TI2 
goa? £7,468 11,484 RF1, 4204 1.129 


M)O/é)5 

2 Gad 
wNJ2 RETA? 
804 29.155 





FJS/P) 1 
TRLE 
RETAIC 


1,P 89 
2044 


3a. DA 


PY2/P91 
TPL P 
RETAIC 


1,026 
~74n 
2A.9K9 








SIIPERSMKIC COMPRESENE 


ARL STREaMéiINF ACL10 @ 


PVE ALL 


MASS AVER AGEN FYTT 


3 TO 4 


CASCANEF 
STAGE 


PERFORMBACE 


RONPITIONS 


PTJS/APTI1 VISGAVIELE VIOZAVILTEN VORBAVP OLY ROGVRIL TYSOFTY4 OMFCA 
nF NFIER mvdy FN) 2 OFS /N1 DRY TUR 
A)PsAd1 
2288 ~ 844 1,456 ~ 327 1,596 1,268 ~189 
814A 1,a83 ef19 1,208 2599 ®,14Q a9, 167 
486 
OVERALL PREERORMANCE 
MYYER EYTT CONDOTTIONS 
PTJSS/APTI1 VISZVIL VISFVIL,X VHBZVII,Y RYBZRI1 TIRST)4 OMEGA 
OF NFYEG nvyy RNID NPSsOl DEV TURN 
AyOosA)1 
oASi A119 1,878 e328 1,528 1.263 eet? 
544 1,935 2-618 1.170 of? 6,621 37,695 


ane 





PRESSURE RISE COEFFICIENT(P-P1)/Q1 





I 
Oo 


ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


ALRFLOW roe cme aoa 
Masih 





* 
4 
& 
2 
INLET MACH NUMBER = 1.460 


0 20 40 60 BO 100 
PERCENT CHORD 03/09/77 


135 esss1 # 





SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


PROBE TRAVERSE BEHIND BLADE NO. 4 





AXIAL PROBE LOCATION.INCHES. = 0.4930 
CASCADE INLET MACH NUMBER = 1-.460 
CASCADE STATIC PRESSURE RATIO = 1.880 
1-.4 
@ 1.2 
oO 
Ww+s0.8 o ® ® 
OO ® ® 
x 
x 0.6 ® © 
® 
0.4 
re: 1.0 m 
a aA 
D> 9 9 ies A 4 A 
Wa a 
<= a ° 
ao0-8 a a - 
wibtet ” 
ae0.7 Aa 4 
2S a 
= O68 
lJ 40 
7 ®© 
EX 301 wm © oo © 
oc ®° 
aw 
-© 10 
x 
WJ 0 a 
0 20 40 60 BOD 100 
PERCENT PASSACE 03/09/77 





136 62531 








SUPFRSNHKITC CrPeMPRESSNR CASCARE 
ARL STREAMLIAE NG.10 = 3 TO ¢ STAGE 


PHESSLIRF ATA FROM SCANIVALVE e@ PSTA 


SCANT VaLve SCANTVAL VF SCAN TVAL VE SCANYVALVE SCANTVALVE 
t] prReTrT 3 Lt i AN, NO, 
n 4 9° A { 
¢ 20,527 27,528 oo 834 20.532 
14 18,444 R.70a 17,261 12,2344 
13 ce eee te Q,4F9 i LAs 5.596 
1F 12.762 10,354 12.0R5 5.779 
oo 11.79” {4,849 11.064 & LARS 
1¢ 11,891 11.819 ©. 6F4 7.779 
21 2A, 476 o. 718 Oo, 4A | 
an 1A,794 {4,554 414.524 G.4s8 
a6 19, AIR {1,170 12,095 9,634 
27 14.934 14.4 U6 12,649 19.157 
2c 14,829 tether 11,3909 {8.781 
3) 14,6392 14,569 17,794 27.542 
aa 10,968 Paes 19.787 2.2498 
$4 {A,734 17, 98S {7.781 o.3651 
47 19,748 19.779 109.7735 1,474 
40 12.774 14,544 {0,871 1,849 
44 14,178 141,049 10,8642 pre By 
43 24,514 14,55? 12,471 &.945 
Aas 549% 20,522 12,989 & ROK 
4? 27.513 on. 811 20.831 7.19 
F 
SPLITTER VANE PRYSTOCAL FESTEN PARAMETERS 
STAGGER VANE Trt SPLITTER 
AKGLE CrORE RATIO LOCATION 
(HEG) (CIN) 


39,75) 1,1F% 2945 50% 





SUPERSONIC COMPRESENK CASCANF 
ARL STREAMLIKE NO,10 = 3&3 TO 4 STAGE 


CASCADE PrYSICAL OFSIGK PARAMETERS 


STAGGES CHORD BLAME TALE EXTYT TO INLET FLT T TL 
ANGLE SPACTAG PATIC SPAN RATIO SPAN RATIC 
(DEG) (Th) (IN) (PLANE EYIT) (PRORE MFASURING 
$2,015 4.904 1,54 2038 DIA ~ 447 
INLET METAL ANGLE EXIT METAL ANGLE 
eS ss ML ML 
(DEGREFS) (DFG, ) 
&1,417 65,479 63,444 99,534 
NOZ72LE EXIT CONDITIONS 
w 
CO 
WNYC PTIN TTAC Man AETA)O 
1,50¢ 20.505 SAP 734 O,284 BRAK? 
CASCADE INLET CONDTTIONS 

R 
i] 
= MRIS PTY TT)1 RETAY Py wy at 
fo) 
aA 

1,440? 20,505 869,736 646A 8? &.91S .749 BR. F290 

138s 1) ML MNYY, 1 WNIY 4 TY/T) 4 PY/P)] NR/1O0e88 

1.371 2,479 0574 1,349 1.428 3,484 1.479 








INLE v 


Pi BNF Y 











RLANF TRATL IAC 








SUPFRSONTC COMPEFSEMR CASCANE 
ARL STREAMLIAE AN,10 = 3 TC 4 STAGE 
CASCADE ITRELAL PERFORMANCE 
RASED ON SIDEWALL STETIC PRESSURES 
ANE) PRESSURE MATA FROCK SCENIVAIVE = PSTA 
SCANIVALVE SCANIVALVE SCANIVALVE SCANTVAL VE 
PORT Nn. PORT ue, 
ee a t a 
2% 14.74 aa 10, S6R 
a8 19,478 ae 10.731 
a 19,954 37 19,745 
29 12 ,A22 46 19,776 
a¢ 12,632 4} 11.178 
MEAN FYTT eReS MEAN FYTT ime THEAL ETT CASCACE INFAL 
STATIC HEVITATION MIMePASSALE PREVIATTON “ACh NO, STATIC PRESSURE 
PRESSURE STATIC PRESSUPFE RATIC 
(PSTA) fPSTA} [P)2/P949) 
146753 e112? 12,879 "7 1, aR 1,817 


FLERE PRESSURES 


PRESSIIRE MATA FROM SCAENIVALVE © PSTA 
ScaNIVal VE SCOaNIVALVE STANIVALVE SCANIVALVE 
PORT NC, PORT NO. 
” d bl rd 
4} 19.7G4 
33 10,787 
a5 17 .7RY 
37 10.778 
30 10,871 
41 10,&62 
MPO TRATLING ENGE PRESSURF PSTA) 14,811 RMS CEVIATION ,aae 
Ee". 








—_ 


SUPERSONTC COMPRESSNE CASCANE 
QRL STREAMLINE AC,1% © 3 TO 4 STAGE 


STONEWALL BOUNDARY LAYER PLEEC PERFORMAACE 


AM&TRE SIMEWALL SLOT PRESSURE = 2,298 PSIA 
SOUTr SITDEWALL SLOT FRESSURE = 2,351 PSTA 
oa 
NORTR BLEED MANTFOALS FRESSLRE s 1,804 PSIA 13 
SCUTr BLEED) MANTFOL(D FRESSLUFRE s 1.842 PSIA 17 
gc 
STRFEwaLt BLEFN ORYJFICE TEMPFRATIRE BER 045 R >} 
=~ 
STDFkalLtL ALFEN MRTFICE PRESSURE = L277: PST 56 
57 
SINE*aLL RBLFED ORIFICE CELTA P 2 e275" PSTA 2° 
STMOFeALL BOUNDARY LAYER PLEFD FLO RATE & 2397 LA/SSEC 


6E1 


RPaTIC CF ALEED To INLET MASS FLOW RATE 








SUPFRSMATC COMPRESSOR CASCALE 
APL STREAMLINE AC,(10 © 3 TO { STAGE 


TNSTRPIIMER TER RI AME PARAMETERS 


PRFSSURF SUrTIDS NPSsni DFS/901 PS/PT)1 SS/PT)1 PERCENT PERCENT 
SURF ATE SURF act CRORE creOe. 
(PS) ffs) (PSs) (S$) (PS) (Ss) 
11 19,241 5.598 2492 © ,436 570 273 13.69 13,45 
13 14.143 5.598 2392 -.236 2543 2273 26,98 76,63 
bie 12.485 S,772 2f9R ©,%17 589 24 39,6? 39,26 
17 11.ARA 6, fe 588 2787 NAA 326 49,47 4,76 
1% 9,444 7.97¢@ 2424 0132 2 471 2345 57,8 $7.75 
2 9,461 A624 2481 Pl 4A) 490 66,49 ST 
? 11,021 G.415 se Le 2 394 enue 2459 73.41 rey At 
25 19,3958 2,634 a7aa 24?) 275 2472 61,72 A2,41 
27 12,4680 19,157 .765 2 480 2418 495 ag.as #9,97 
99 11,399 {9.721 Art 2544 2556 soe G6.938 97,78 
' 19%.893 14,823 755A anos e528 528 {AA AP 199 av 
FC FC)Y FC)Y FETA)F C0) 4 Cia4 MODULE Cro ue 
2374 a. S@ .209 @36,0132 =.094 23732 Ba. Bs 3 W712 
SPLITTER VANE PARAMETERS 
BRESS) RF SiCTIOs MeEsSso{ NPS/C! PSsP1¥)1 SSsPT)4 PERCEAT PERCERT 
SURFACE Silt Face CRORE CROARD 
fps) (S$) (PSs) ($s) (PS) (SS) 
43 12.421 a,oas® Py dk, 3 2348 2806 2436 95.87 93,37 
4s 19.989 A. ABF 2 3AP 2143 2633 Pe 112.63 192,52 
47 7.119 2136 2347 109,a¥ 
edt 





SUPERSNMATC COMPRPFSENE CASTANE 
ARL STREAMLINE 40,19 = 3 TO { STAGE 


LO AL CASCAME FYTT PERFORMANCE 





y wNID MNYY,? MAYY,2 PT)? P)2 PT)2/PT)1 BETAD2 
PERRT DEY TURN My)? DP)1,2 Vv)? PTIO PT)0 PT)O,A Fe 
PT YP PyTP PyRAP PIKP PYSP RETA) oT TT) 4 
6.2R4 ~ RRA «793 yaet 1R ROA 11.364 297! 26.238 
LL 3.774 40,612 007 =, B1¢ 954,209 28,599 27,48% 20,465 
{RLRGS 11,459 12,4598 12,716 11,968 o5.7462 2V,444 S60 .734 
rm, RAR 895 .704 2413 19,128 11,3A7 .o3s 27, 4R7 
§.9¢ 4,953 ao ,3KS eae T2576 964,742 24,525 27,4) 97.573 
19,1298 11,427 12,553 12.10°¢ 11,9R8 74,503 2¢.8@3 ShC.72¢4 
&.442 . 4958 7B ~ 4a 19.114 11,389 ~989 DR LAR? 
7.499 6,153 TE LIAS 7an 1,301 964,742 22,5458 27,49G 97,592 
sec 19,114 itaroe {2,421 12,287 11,954 =-3,313 270,522 8&%.734 
-_ 
(2) 
6.52] ,RO6 2774 2446 18,935 Lia? 6923 96,047 
14,99 7,413 36,945 2729 1,866 9F3,3aR 27.533 20.494 20.514 § 
18.935 Pieres $20t8S LBeLi7 11,A58 22.753 20,513 SA0,734 
6,8#22 ~f76 ~74* ~45P 15,4464 A ee ~ FOS 31,474 
S 19,99 8,G42 WK 374 272A 2.7K3 947.197 27,549 20. 4GR 29.524 K 
n 18,44] Tt, Fee ¢4,82S £2987 11,547 ~.514 9¢,523 860,734 
on 
a A. F70 .728 . 832 . SAE 14,259 11,425 .70% 30,4189 
on 24,98 7,A38 TRL AAI 425 4.745% RVS,784 2a SAA 20,809 97. Sal & 
18,249 44-548 11,794 246629 11,444 #1,8?1 20,830 541.079 
&,758 Pal 8 | s6t 230? 15,615 11,445 ~782 26.271 
29,98 3,747 47, 54o .723 4,297 766, 45R 20,838 20, 4k? 20,514 é' 


15,615 11,965 12,955 11,482 11,415 #5.719 27.510 869,734 





ETA}2 
ryo.a 
TT94 


6.238 
‘, 465 
0734 


7, 4A? 


one 8 


«7a 
! 


PAR? 
el?s 


y 74 


yc 47 
P5114 
Daraa 


1.474 
P4924 
P7384 


P.1A9 
«531 


-—- 


B27! 
ye SIA 
P.7R4 





PRrRET 


4 
35,94 


a 
~ 


24 


4S 3A 


AP 93 


€% 92 


NEV 
PIYYP 


FLRaA 
2,885 


16,825 


R.o47 
4,097 
{R307 


6,996 
5.851 
19,23¢ 


7.075 
4.9720 
19,452 


7 te 
B,242 
19,291 


7.933 
0,995 
1R,482 


Feat? 
9. fA 
17,8592 


ARL 


M*NIQ 
TURN 
PYTeR 


a7 oe 
41,441 
itgate 


RG 
7,329 
1,421 


2946 
3A 7485 
11,456 


6918 
47,416 
Lien 4) 


908 
EL O76 
11,988 


. AHS 
38,291 
11,999 


~ Ro? 
34,828R 
11, RA7 


LOCAL 


MNYY,2 


PyAP 


SARS 
0724 
12.4302 


74 
727 
12,485 


2799 
2299 
{2.4764 


279% 
ate 
. 


{2,388 


srre 
ASA 
12.943 


e738 
o*PAR 
12.a77 


AGA 
027 
11.83% 


SUPERSONIC COMPRESSOR 
STREAMLINE 


KO,10 


MNYY,2 
CP)1,2 
P)KP 


2228 
aLFRO 


11,63? 


2 tke 
221°7 
11,844 


2427 
1,274 
12,789 


248° 
1.085 


12.19? 


464 
1,213 
12,207 


. 452 
1,853 
12,173 


.4a7 
2, ARS 
12.971 


S FO 4 


C4aSCANE FYTT PERFORMANCE 


PI)2 


Vv)? 
FYSP 


16,895 
B33,907 
11,424 


18,307 
975,9a3 
11,8890 


19,232 
974,454 
12,054 


19,452 
Q# 3,692 
12,139 


TP 9 
974,651 
12,a78 


18,452 
934,711 
11,974 


17,882 
RO’LIGR 
11,438 


CASCADE 
STAGE 


P)2 
PT)O 
RETAIP 


11,49” 
20,822 
#=6,61 1 


11,349 
9? ,5A49 
=5,829 


$1,296 
20,55 
#3,915 


11,304 
27,525 
22,556 


11.332 
22.531 
1.2714 


11,470 
20,544 
=. 45) 


11,474 
24,952 
021? 


PTJZ/PT)1 
FT) 0 
PT) 4 


021 
20,478 
20,40R 


.ROR 
20,404 
2¢.520 


,oaR 
20.5%9 
22,525 


yt: 
270,504 
27,814 


e944 
20,477 
29,573 


Si? 
2V,4F7 
26.515 


0871 
24.529 
97 S530 


RETA)? 
PTIO,4 
TT) 4 


25,389 
20,468 
561,779 


2A, 461 
ov sor 
541,079 


2a,VeS 
9a,896 
§A2,7%4 


99.434 
97.814 
567.734 


4V¥ 774 
20,84 
S61,0979 


31,589 
oe? 515 
SAC .734 


32.222 
20,531 
S61,.079 





SUPFRESCNIC COMPRESSOR CASHANF 
ARL STREAMLINE AOL 42 @© 3 TF 4 STAGE 





LOCAL CASCADE FXYT PERFORMANCE 





Y “NYO MNYX,? MRYY,2 PT)2 PI? PTYZ/SETI$ RETA)? 
PeretT NFV TURN Myo DP)1,2 v2 PTO PT)O PT)O,A 
PT) YP P)YTP Pyap PIAL FSP RETA)® PT)4 T7124 
7.391 aeou 2ALP 7 397 16,55? 11,559 enV? 32,707 
74,272 10,173 84,1438 2728 3.954 A127, 285 97 ,54A 20,499 20,516 
16,840 i773 22-674 141,856 11,459 2697 22,516 561,979 
7,470 2 SKE 2 4R4 02? 14,25) 14.514 2695 32 .2e% 
75.22 7,FR7 26,629 Ae 6,284 K2%,979 an, 580 20,408 a? ,892 
£4,234 11,694 11,789 11..559 11,491 1,779 22.521 567.734 
7,569 476 2 480 »i84 13,433 11,524 »685 te, 848 
P| #3, F586 4h 200 2817 7.071 544,259 27,847 20,47 20.517 
= 13,433 14,436 125990 12,920 {¢,20: (3130 2@.517 861.779 
7,628 59? 256) o1@5 14,572 11.812 a7 it 18,22 
#591 =4,319 4k, £26 0718 5.933 62,9792 24.535 20,408 97.515 
14,872 11.284 12.8539 11.224 11.195 {3.776 20.514 S6#2,734 
i 7.797 .f98 o ASR 0234 15,978 11,537 2779 19,587 
| BH galas 02,047 = 47, 263 .292 204, SBP 773.373 20.506 20,841 299,804 
; 15,075 11,144 12,707 11.318 119,357 912.413 24.508 Sh0,7N4 
n 
7) 
7.796 2790 e700 2704 17,386 Lig nee 7 G4R 91,866 
= GS,07 =, FR 44,984 426 3.118 BFE 4,3276 27,535 20, 4cK 27,816 
17,386 tT Vvay 12.791 11.564 11,6468 ef{%,1%34 27,845 §a1.°79 
if 
{ 7°65 #59 0782 0384 16,452 11,499 290A 24,326 
179,29 1,792 47,524 oAQR 2.983 934,350 ov, 881 20.804 97,598 
18,452 11.30% 19.784 11,789 11,901 “7.674 20,827 S&1,079 


A ae ee ee ae ee 





TAY 
T)O0,4 
TT)4 


707 
2518 


Pris | 
R992 
2,734 


ROR 
0517 


1,079 


GBA? 
2574 
0,724 


1,fA4A 
, mA 
. 


1.979 


4,326 
9,594 
1.779 


WNJY¥,2 


714 


MNDX,2 


Ras 


SUPFRSPNTC CeMPRFSSOR CASCANEF 
ARL STREAMLIAKE §C,108 = 3 TO 1 STAGE 


MASS AVFRAGEOQ FyIT CCONPITIONS 


MNO RETAYD PTIS/SPT)4 


abs 27,408 862 


CASCADE FXTT PARSMETFRS 
RASFEN ON MASS AVERAGED CURNTTYANS 


WNIYO2 PT)? P)2 Tie TTIA/T)2 


$72 17.678 11,536 364,734 1,132 


MIYFD EXTT CONDITIONS 


Min} ¥,2 PT) 2 P)2 Tye TTIR/ 132 


372 17.474 11,698 869.735 1,129 








M)2/™)1 


297) 


FNYD RETAYD 


775 OR, Fat 








SUPERSAAKTC CORPPFESEME CASCANE 
ARL STREAMLINE ACL1% = ¥ Th 1 STALE 


OVERALL PERFORMANCE 


MASS AVERAGEN FYIT CONDITIONS 


PYSZF9 PF VSAPTIL VISAVI4 VIS7FVILak VISAVI is RYSARIL FISZT 1 OMEGA 
TRL? oF NEVEO nVvyyY BX)O DPSs/OS DEV TURN 
FETA)C A)OsA)1 
1,949 2462 2627 1,398 eott 1,544 1.263 2194 
74s ~547 1,934 2633 1,188 ~A38 4,959 aC, 387 
PA, 4483 ~ 463 


OVERALL PRFRFOFMANCE 


MIXED EXIT CONDITIONS 


P)Z2/P91 PTISSETI1 VIFZVI1L VIAsVILEN VIESVIILY RYSZRIL TI!S/T)49 OMEGA 
TPL nF NFIENQ OVIY RN)? OPSsO1 DEV TURN 
RFTAIC Ay2s4)1 





1,974 RAY 2599 1,338 sore i,oce ae eas e2is 
.749 SA? 2,992 .f 22 1,148 654 6,107 38,209 
79,270 2482 
| 
' 
ry 
142 








ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


AIRFLOW 
SS 
BLADE 
AP ee 








® $.§ 
mm T<E 
1.00, SPLITTER 
s FS. 
x S.S 
0.8 * 
a 
A * 
” a 
~ 
pas 0.6 A a a a 
a a 
Oo. a © 
be a ® 
z 0.4 4 © 
ee 
cs © 
i. 
os 0.2 
D © —* 
J © 
w 
a ae 
ow ® ‘oy ® 
lw 
oc 
= 
wy 
2m-0.2 
lJ 
ow 
a. 
INLET MACH NUMBER 1-460 





949 


0 20 40 60 BO 100 
PERCENT CHORD 03/09/77 
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SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


PROBE TRAVERSE BEHIND BLADE NO. 4 





AXIAL PROBE LOCATION,INCHES, = 0.490 
CASCADE INLET MACH NUMBER = | .460 
CASCADE STATIC PRESSURE RATIO = 1-.949 
1.4 
1.2 
WW 
irs) 
~ = 1.0 
x = oOo leas rd 
2 %6 ‘J © 
| = 0.6 @ ° 
| ® 
| 0.4 
= 1.0 
an AA aA*aA 
a a ia : 
lJ wd a. A 
20-8 A = * 
| = A 
& a 0.7 ia > 
= A 
= @¢.6 
lJ 40 
& © 
= im 30 HUD HO9 © 
= 20 o@o° 
Cw 
-©O 10 
s< 
tad 0 Ti Bae 
0 z0 40 60 BO 100 
PERCENT PASSAGE 63/09/77 


14 62533 








SUPFRSONTC CAYPPEESSNR FASKANE 
ARL STREAMLIAE KO,1a = 3 TO 1 STAGE 


SPLITTER VANE SETTITAR ANGLE & 39,75 NEGRFFS 


CASCADE INLET CASCADE INMFAL STATIC PRORF NATA TAKEN PRORFE AXTAl 
MACH NUMBER PRFSSUCE FATIC REFIND ELADE LOCATION (CIN,) 
1.4F} 1,885 4 2490 


MISCFLLAKNEOUS TEST SECTION DATA 


PRORF PROKE PRORE TEST SECTION TUNNEL TOTA 
TANGENTTAL SPaNwISe ANGLE ANGLE TEMPERATURE 
POSITIONS POSITION (REF, TANG.) (REFS HORTZ) 

(IN,) (IN,) fOeG,) (OFG,) (DEG.R) 

7, P47 41,5038 K7 .G#e 24,319 567,300 


Stl 


SIIPFRSONTOC FLnw PROPERTIES ACROSS LFANDING WENGE 


i NOZZLE + COMPRESSTON WAVE COKNSTEE AM TCTAL STATIC 
‘ EXIT © FXPANSTON ANGLE MACK PRESSURE PRESSLEF 
i) MACH AQ, Cr FLOW KUMRER RATIO RaTIr 

no 
n * 

im: 1,3a¢ +,159 43,063 1,481 1,908 1,a89 
aad 
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/ AD=A043 B60 GENERAL MOTORS CORP INDIANAPOLIS IND DETROIT DIESEL --ETC F/6 21/5 
; THE EFFECT OF SPLITTER VANE CIRCUMFERENTIAL LOCATION ON THE AER@=ETC(U) 
FEB 77 R E RIFFELe S FLEETER F33615-76-C-2052 
UNCLASSIFIED 9169 AFAPL=TR-77=20 NL 
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40 
A04386( 
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SUPERSONIC COMPRESSNF CASCADE 
ARL STREAMLINE A0,§30 = 3 TO | STAGE 


CASCADE PrYSTCal MFSIGK PARAMETERS 


STAGGER CHORD BLAnF T/C FxIT TO IALET EXIT TC INLET 
ANGLE SPACING RATIO SPAN RPATIN SPAN RATIN 
(MEG) (IK) (CIN) (BLADE EXIT) (PRORE MEASURING PLANE) 
59,316 3.904 1.591 2726 S16 467 
INLET METAL S4NGLE EXIT METAL ANGLE 
PS ss »| yL 
(CEGSEES) (NFG,) 
41,417 65,479 63,448 22.534 


NOZZLE ExIT COKOITIOAS e 


9+ | 


ENIC PTIC TTVO “yO RETA) 





1.500 249.517 567,390 9,292 65 ,6G¢v 


CASCADE IALET CONDITIONS 


Prd) r¥Yo% BETAS] P)1 M) 4 Q)4 


ov,516 SA2,360 66,P5e 5,918 .249 8,633 


T) ML MNI XK, WRIY,1 TT/T)1 PT/P){ NR/1Pae8 


3,402 2574 1,363 1,427 3,468 1,484 








ANE) 


























SUPERSONIC COMPRESSED CASCADE 
ARL STREAMLIAF AO,1% © § TN 4 STAGE 


CASCADE INMFAL FERFORMANCE 
BASF ON SIDEWALL STFTIC PRESSURES 


PRESSURE MATA FROM SCANTVALVE = PSTA 


SCAKIVALVE SCANYVALVE SPANIVALVE SCANIVALVE 
PORT Nn, PORT NO, 
2 3 t 3 
23 11,996 33 11,413 
25 11,945 35 11,17! 
27 11,250 37 14,187 
29 11,169 3g 11,218 
31 11,973 43 11,848 
Mean EXIT RvS MEAN FYTT RMS IDEAL EXIT CASCADE ICFAL 
sraric NEVIATION MIN@PASSACE CEVIATTON MACK NO, STATIC PRESSURE 
PRESSURE STATIC PRESSUFE RATIC 
(PST) (PSTA) (P)2/P)1) 
11.1351 0978 11,341 2156 0977 1,883 


RLANFE TRAILING FOGE PRESSIIRES 


PRESSURE DATA FROM SCANIVALVE = PSTA 


SCANTVALVE SCANYTVALVE SCANIVALVE SCANIVALVE 
PORT NO, PORT NC, 
* 4 tf 4 
31 11,208 
33 11,199 
35 11,197 
37 11,193 
a9 11,3822 
41 11,318 


MEAN TRAILING ENGE PRESSURE [PSTA) 11,239 RMS DEVIATION 956 


is 








SUPFRSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO,10@ © 3 TC 4 STAGE 


STODEKALL ROUNDARY LAYER FLEFD PERFORMANCE 


KORTr STMFWALL SLOT PRESSURE ® 2,192 PSIA 
SOUTr STOFWALL SLOT PRESSURF ws 2,367 PSIA 
NORTr BLEED MANTFOLD FRESSLFE 8 4.711 PSTA 
SOUTF RPLEEND MANIFOLD PRESSURE s 1,565 PSTA 
SIDEwALL RLEEN ORTFICE TEMPERATURE e554,392 k : 
SINDFKALL BLEED ORTFTCE PRESSUPE = 1,789 PSIA | 
SINFKALL BLEED ORYFICE DELTA PF ® 2254 PSTA 


STDFkALL ROUND ARY LAYFR BLEED FLOW RATE 8 e318 LB/SEC 


Lt 


PaTIC Ce BLEFD TO INLET MASS FLOW RATE & 2474 

















SUPERSOATC CAMPRESENR CASCADE 
ARL STREAMLTAE ACL17 © 3 TO 4 STAGE 


INSTRIUMENTED BL ARE FAR ARETFEES 


PRESSURE siierIOn (PS§/91 DFPS/G4 PS/PT)1 SS/PT){ PERFERT PERCEAT 


SURFACE SURFACE CeNRE CrhoORP 
(PS) (SS) (PS) ($8) (FS) (Ss) 

11 17,818 5.742 555 °,420 527 720 13,46¢ 13,45 
13 11,205 ® 742 2409 °,92° 2551 22 RkV 26.98 26,63 
15 19,415 5,668 289% =,226 2 5F6 2277 ty, 5 39,24 
17 1°,962 7.1641 2571 2144 2534 2349 oS.”7 4A 78 
1S °,579 AL1SE 2415 254 467 2 39R 57,46 57.75 
a1 9,984 O,1A89 441 2371 487 ~448 66,47 66,79 
2s 11,858 9,849 2573 2444 2578 ~ 4Ry 73.4) 73.77 
9s 12.771 14,444 768 467 ef19 2490 81,77 89,4) 
27 12.934 17,623 0794 2533 ARI, 818 BS,45 ao.97 
eS 114.743 £$..%74 2462 2598 2573 2544 94,93 97,78 
? 11.957 11.257 2495 Pele) 2549 2549 104, A0 1970, 9? 
FC FC)*x Feyy RETA)F coy CL) MCLE CPILE 

382 ott 290 233,672 -.¢28 Le | 2124 34,970 


SPLITTER VANE PARAMFTFRS 


PRESSURE SuCTION MPSysnt DPS/N1 PS/PT)1 SS/PT)1 PERCENT PERCENT 


SURFACE SURFACE CrKORO CrOARD 
(PS) ($s) (Ps) ($$) (PS) ($8) 

43 12,552 R902 0751 2 3a8 2812 2434 95.57 93.37 

45 13.213 6,797 «426 017? 2844 2331 119,63 192,5% 

47 7.899 224 .385 199,04 


2. | 











y 
SUPERSARKITC COKPRFESSOR CASCANE 
ARL STRFEAMLIKE 40,17 =» 3 TO 4 STAGE 
LOCAL CASCADE FXYIT PERFORMANCE 
Y MNYQ MNJ Y,2 KNIY,2 FT)? P)2 PT)D/PT)1 RETA)? 
PERET DEV TURN “yO CPI1,2 v2 PT) PT) PT)C,4 
PT)YP P)TP PyaP P)KP P)SP RBETA)P PT)4 TT)4 
6.284 2447 741 2412 18,835 11.776 091A 29,055 
aT) 6.521 37.795 ee 1,684 919,443 27,523 20,479 2e.51 
18.°35 11,997 12,565 12,382 12,257 =2,965 2U,501 SA7,734 
6.343 A538 741 423 18,944 11.776 2923 29,699 
5.90 7,148 37.151 2729 1.575 924,5A8a 20,528 20,475 97,502 | 
6,442 2454 2733 2437 1A, ARA 11,728 2920 37.791 
~ 9.99 ALO87 36,489 2728 1,432 925,569 22,564 20,504 20,524 
Ps 16,8846 12.135 12.372 12,417 12.2711 #1,229 24,534 560,734 
6,821 Ale 687 2430 18,239 11,843 ~8FO 32.914 
14,99 9,489 34,836 2927 2.278 BES, 9R4 27,538 20,499 20,818 | 
18.239 12,377 @2.178 12.391 12,147 =,295 2V.818 569,302 
6,600 743 2791 2 3RA 16,548 11,9192 AOR 32,703 
19,99 10,199 34,127 2425 3,948 778,263 20,539 20,489 20. 54a 
146,548 12.793 141,999 12,216 11,994 793 20,510 S6V,734 
aR 
to) 
nm &,#79 ~529 ~452 226) 14,390 11.873 607 30,008 
| 24,68 7,674 3A, 842 2920 6,216 597,291 22,524 20,498 27.509 { 
| 7) 14,309 13,952 12,999 11,911 11,799 2,812 20,8¢9 S60,302 
a 
6,758 458 2439 2156 13,668 11,837 666 19,971 
29,98 =2,86%3 46,879 718 6,848 529,661 90,534 20,496 20,545 
j 13,648 11.777 12,498 11,699 11,688 12,949 20,814 560,734 





ETA}? 
ryc,a 
rT) 


e755 
?.5?1 
*,724 


S.609 
¢,502 
7.734 


¥.791 
0,534 
?,734 


26714 


>.397 


1.971 
'.515 
',734 


PeReT 


35,90 


ay l.94 


48.94 


§9,03 


538,03 


9,93 


6,92 


Y 
NEV 
PTY YP 


& RAR 
e3.2714 
14,728 


6.917 
22.084 
15,941 


6,098 
=,14” 
17.312 


7,975 
2.155 
1R aus 


7.154 
4,278 
18,°65 


7.233 
5,370 
18,712 


7.312 
6,492 
18.391 





SUPERSONTC CMPPRESSNR CASCANE 
ARL STREAMLIKE AM,1% = 3 TH 4 STAGE 


LOCAL CASCADE EYTT FPERFOeEMANCE 


MRO MNYY,2 PRYY,9 PT)? PY PT)Z/FTI4 
TURN My? OPY1,2 Vv)? PTIN PTI 
Py TP PyAP PYNP P)SP PETAR PT)4 
. SBA 2534 2187 14,798 11,853 0718 
47,%32 ome 5.788 BH, AGK 24,542 27, 4kR 
{1,538 12,7295 11.619 11,442 w12,7ad 27,515 
2665 2623 a2es 15,941 11,868 2778 
46,370 .922 6,558 739,987 a7. 548 20,8292 
11,590 412.889 11,688 11.727 911,542” 20,534 
2788 2793 ~7a9 17,312 11.832 ~8ad 
44,457 7725 3,274 32,911 22,574 20,528 
11,495 12,973 11,881 91,918 9,496 279,549 
A2n 2745 2348 14,403 11.829 ~8G7 
42.161 2728 2.118 RO’L71A 97.531 20,4R4 
11,492 12,941 12,798 12,141 o7,331 20,576 
2485 0763 odes 18,A65 11,7@1 2920 
47,788 7729 1,684 926,759 20,534 27,8a9 
11.783 12,799 12,178 12,233 #5 288 20,521 
867 .749 396 18,712 11.702 0912 
39,916 2729 1,058 019,219 20,574 20,830 
11-9683 19,687 12,121 12,226 4,186 2¢,581 
ALK 2728 0402 19,394 11,747 896 
37,794 0728 =, 125 072,821 29,555 2°,835 
19.8983 12,442 12,765 12,293 23,264 20,544 
7) 


BETA)? 
PT)N,& 
TT)3 


19,318 
ov .515 
SAO ,734 


20,489 
a¢.835 
562,39” 


22.394 
22,558 
S6?,734 


94,689 
27.507 
567,734 


96.762 
27,5292 
567.734 


27,824 
ov ,582 
867.392 


28,086 
22,565 
SAU .734 


Té¢ de 


641 





PERT 


70,92 


75,92 


Pa,ei 


aS ai 


G2.94 


95,90 


149,00 





yY 
DEV 
PT YP 


7.391 
7.428 
17,836 


7.470 
4,a5a 
15,742 


7.549 
2.554 
16.871 


7,28 
3.790 
17,899 


7.797 
4,748 
18,382 


7.786 
6,978 
18,732 


7. RAS 
7.119 
18,4246 


SUPERSOKIC COMPRESSOR CASCADF 
ARL STRFAMLIKE AO,1% © 3 TO 1 STAGE 


LOCAL CASCARE FXIT PERFORMANCE 


MN)? MNYY,? MR)Y,2 PT)? P)? 
THRN MYO DPI1,2 v)2 PT)0 
P)TP PYRP PNP P)SP BFTA)P 
2AM] 2693 2403 17,836 11,887 
36,499 227 2,880 R75,2492 29,532 
11,97% 12,187 11.939 12,134 -1,86% 
2657 2 5P6 2297 15,742 11,782 
30,958 .926 4,774 731,599 22.53a 
11.741 12,335 11,688 11,827 5.128 
arts 2447 2303 16,571 11,794 
44,752 2728 3,945 7F9,919 22,571 
11,&350 12.576 11.736 11,841 #6 ,99% 
7AM) 0758 Pith je) 17,899 11,731 
47,508 2228 2,417 875,914 27,568 
11,545 12,417 11,943 12,749 25,604 
9929 0729 2376 18,3592 11.795 
39,571 0728 2.164 893,718 20,849 
11.755 12,4607 12,995 12,19? 24,741 
2744 2741 0404 18,739 11,759 
3a, 238 2728 1,784 916,492 27.512 
11.923 12,568 12,255 12,2A1 #3, 408 
2833 0724 041? 18,626 11,429 
437,206 2428 1,890 905,713 24,512 
12,742 12,482 12,303 12,298 =2,3576 


PT)A/PT)1 
PTIO 
PT)4 


oP AO 
27,508 
20,519 


0767 
27,503 
20,816 


ePhGR 
20,810 
20,564 


2872 
20,524 
2v.,545 


0808 
aV, 487 
2¢.513 


2913 
20,820 
27.5818 


eo 907A 
27,509 
20,505 


AFTA)2 
PT)C,A 
TT)4 


37,182 
29,892 
F6U0,7364 


96,802 
20,548 
$42,734 


98.102 
2?.545 
SAV ,302 


90,324 
av ,546 
567.734 


97,279 
ae.8i4 
SA0,734 


28,612 
27.516 
5AU.SGA 


29,644 
27,508 
S6V.734 


Re et ae ae ee TTT “4 Se TD - - 








TA? 
)C,4 
T)1 


182 
82? 
2734 


2644 
»506 
0734 


WNDY¥,2 


HRA 


WNIX,2 


2655 


ae RE 


SUPERSNATC (COMPRESSOR CASCANE 
ARL STREAMLIAKE 4O.12 = 3 TO 1 STAGE 


“ASS AVERAGED FYTT CONDITIONS 


MN) BETAY2 PT)E/PE94 


76S 27,183 ok57 


CASCADE FXTT PARAMETERS 
BASF ON MASS AVERAGED CAKRDITIONS 


WNDY,2 PT)? PY)? TT)? TT)2/T)2 


351 «97,586 41,898 SFA, 300 1,118 


MIVED EXTT CONDTTICNS 


PRIY,2 PT)2 P)2 TT)2 TT)A/7T)2 


2351 17,365 12,734 sea, 390 1.119 












M)2/™)1 


O87 


MNI2 RETA)? 


274% 28,2738 





PY2sSFP)1 
TPLP 
RPETA)C 


O.ai 
.o 47 
76.114 


PYOs/F91 
TPLP 
RPETA)C 


2.934 
275A 
22,893 


SLIPFRSOKTC CRRPEESSNME CASCAPE 
ARL STRFAMLIAE 7,10 a %&. 76 { STAGE 


OVERALL PRREURMANCE 


4ASS AVERAGED EXIT CONDITIONS 


PTIAS/SPTIL VIA/VII VIAP/VITEX VI2/VIIZY RISSRII TI2/T11 


nF NFYEA nvyy ENO OPSsa1 PF 
AY2/AYI 
RST 595 1,345 2205 1.575 1,276 
2576 2.091 668 1,156 877 6,649 
472 


OVERALL PERFORMANCE 


MTVYED EXPT CONDITIONS 


PTJP/SPTIVL VIP/VII VIA/VIL—X VIA/VILTLY RIAPZRAIL TIes/TI14 


DF DFJEQ nvjY FN) OrFS/s91 DEV 
A)?s/4)4 
346 2577 1,293 2296 1,583 1,285 
2598 2.7R3 2607 1,121 693 §,669 
,4a8 
150 62531 





OwveGa 
TURN 


22Vi 
BG, FAT 


OMFGA 
TURN 


0215 
36,647 


Ge 








PRESSURE RISE COEFFICIENT(P-P1)/Q1 


ARL STREAMLINE NO.10°'--3 TO 1 STAGE 


AIRFLOW ) So aeaeM 
oS 

BLADE 

A FS. 





INLET: MACH NUMBER = 1.461 
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PERCENT CHORD 03/09/79 
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EXIT 
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—" 


TOTAL PRESSURE 
RECOVERY 
© i=] 


° 
n 


EXIT AIR ANGLE 
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~~ 


ne 
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SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


PROBE TRAVERSE BEHIND BLADE NO. 4 





AXIAL PRGBE LOCATION,INCHES, = 0.490 
CASCADE INLET: MACH NUMBER © 1.461 
CASCADE STATIC PRESSURE RATIO = 2.011 
ae °° o 22S. 90% 
7) 
cd ® © ® 
6 
® 4 
7) 
-0 
AA A A 
9 a A 7 ae a* A 
A 
8 A “ of 
7 i. 
a 
0 20 40 60 B80 100 
PERCENT PASSAGE 03/09/47 
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APPENDIX D 


CASCADE DATA 


SPLITTER VANE POSITION 


= 52% 





P)o/P), = 1.683 
P)o/P), = 1.750 | 
P)o/P), = 1.818 | 
P)./P), = 1.894 
PJo/P), = 1.981 
P)o/P), = 1.995 

rR 
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SPLITTER VANE SETTIAKG ANGLE @ 39,75 DEGREES 
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1%,.46¢ 11,159 5.621 
14.743 i? 363 5.656 
14,490 10,285 7.995 
14.835 9,123 4,428 
14.142 16.173 9-316 
14.406 1i./KY 9,67? 
11.031 ie o7 t 6.494 
6,71 12,483 Q,697 
6.712 11,96 lV .e8S 
14,476 18,456 19,955 
1%.227 16.426 22259 
19,417 12,422 2.73) 
14.419 1u.417 1.762 
14,464 16,466 1.664 
114.1687 16,458 1,658 
14,¢7¢ 11,446 56,56S 
19.90% 12.1414 6,54? 
149.923 19,937 6,917 

t PRYSICAL UESIOUN PARAMETERS 

VANE t/C SPLITTER ° 
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SUPERS LC CuUrPRESSOR CASCADE 
STREAMLINE NOL14 = $ TO { STAGE 
ALA! PsyYS]CAatL DCSLGN PARAMETERS 
AUE T/( EXIT TO INLET txt 
SANG *AY LU SPAN RATIC SPA 
IN) (BLADE exit) (PRUE EF 
2G! evvut gots 
T METAL ANGLE EXIT METAL ANGLE 
$$ Ph ul 
(OcGREES) (DEG,.) 
95 479 53,448 22.5564 
2ZL¢ KIT CONDITIONS 
rT} C T Poe M)O CETA)C 
Yyex)) 999,21 9. 2Y O8,67¢ 
CASCADE INLET CONDITIONS 
TT}i BETA) a [Bs “1 
559 .01¢ 65,654 5.747 2242 a 
MN) Xol PN)Yol Tr/1)1 PT/P)1 NR 
0574 1.$4?2 1.426 3.404 
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SASL , SIOEWALL STATIC PRESSURES 
} PRESSURE \ Pr SCANIVALVE = PSIA 
aL SCOANTVALVE SCANIVALVve SCANTV4ALVe 
1 VO. POwT NC 
3 4 3 
f 14,536 $3 2,860 
16,26 $5 12,382 
/ 14,9064 37 ig.378 
10,921 49 12,419 
, 1%,» a} 12,8@7 
~ A eAN EXIT RMS TOEAL EXT CASCADE IDEAL 
Mi0*PASSAGE CEYIATION MACH NO. STATIC PRESSURE 
t.55 STaTLG PRESSURE RATIO 
DLA! tPSIA) (P)2sP)1) 
@“,.7 eit 4 Pa? | 2163 1.2 8 1,813 
HLALVE TRALLING ECNGE PRESSURES 
PRESSURE DATA FROM SCANIVALVE © PSIA 
90 aNL VALVE SCANIVALVE SCANIVALVE SCANTVALVE 
Pum NO, PUR NCe 
‘ 4 2 4 
31 12.438 
os 1@,.428 
35 lv .427 
37 17.417 
oy 17,466 
4 1°,458 
ion "RALLING EDGE PRESSURE [PSITA} 12,438 RMS DEVIATICNR ,P19 
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SUPERSONIC COrPrReSSOR CASCADE 


STREAMLINE NO,19 = 3 TO 1 STAGE 
PALL BOUNDARY LAYER BLEED PERFORMANCE 
-8ALL SLOT PRESSURE = 2,289 PSIA 


MAL SLOT PRESSURE 2 ¢e./h1 PSTA 
MANTPOLO PRESSURE 3 1./62 *SI4 
ANIFOLY PRESSURE = 1,664 PSIA 
LEEU URIFICe TEMPERATURE #551.279 f 
HLEED URIFICE PRESSURE = 1,656 PSIb 
EEO ORIFICE OELTA ? s o05¢ FSIA 

JVUARY LAYER BLEED FLOW RATE 8 2297 LB/SEC 


SL EED TO INLET MASS FLOW RATE s 72 
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LX STUY TE 4, abe PARAMETERS 
P5/Q1 DPS/i PS/PT) 1 SS/FT)1 
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Pao hi | =.W¥19 2048 e282 
2691 = W109 sa6 e282 
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ed¥4 evi2 245d 0420 
soid eal eD11 040% 
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SUPERSONIC COMPRESSOR CASCADE 
2! NL STHEAMCINE ih » oo Ta tf BABE 
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nr | 
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a5CA4DE FxIT PERFURMANCE 
ie ,9 MN)Y,2 PT)? P)2 wT)A/SPTI1 HETA)2 
‘ i - Mwy La2 YV)e PT)O FT)O PT)C,A 
) - P jar P)NP P)SF 4E TAP PT} 4 rTys 
a 4 oe oy 2298 416,593 it eee e853 22.7806 
~%o4 ~aes 2 pees il 843,422 19,935 19,895 15.915 
«957 Le ote tk,285 1s I "9,664 19.915 559.012 
fy ~9a5 ar OF eubeo 17,693 11,892 2 GBS 24,837 
. (2.92 027 a O47 915,865 19,966 19.917 1y,942 
Pea, Ee | y «255 126034 Lle4te2 11.446 7 ,6?¢ 19.94} 555.712 
ad ~o945 e794 2414 18.07 t 14,918 928 27.,5¢8 
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Ww 
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7,479 775 0792 e334 16,443 11.439 2825 25.485 
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Ri: STREAMLINE NO-EO = 3 TO t STAGE 
Ca CASCADE Exit 2=RFORMANCE 
le 12 X«2 INJY.2 P1)? Pe PTI 2Z/PT) i BETA)2 
yA Ay t ¥ TUF }2 Pit ye Vv)? PT)O PT) PTIGeA 
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#6 . 4220 e748 eo d7K 17 26S 10,957 2567 20,847 
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1¢ L7, 265 149,95 13.922 11.283 i aes Pe, =5.6] to 917 559.V1¢ 
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‘ / ed? e736 2399 i7 ,562 11,096 Pad 071 24.478 
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1¢ 
2 BOF eSaa enor eit A ey a a 11,152 2893 29.119 
91 55,08 25445 37 731 227 2132 915,832 14, 96€ 19,911 19.939 
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o'a5 295 etre 482 14,554 11.026 293? 32,572 
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1¢ 
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CUMPRESSOR CASCADE 
N0,12 = 3 TO 1 STAGE 


SUPERSONIC 


Ams | STREAMLINE 


YERALL PERFORMANCE 


A3S aAvERAGED EXIT CONDITIONS 


PI S/PTI2 VIAAVITE VIASYI byeK VISPV 1st RIVE/SRIT Tet! CMEGA 
IF EY ov) Y RN) 2 DPS/G1 Dev TURN 
Da ae wh! 
eV mek be 1 .oue 2005 1.94] t.270 226 
avi y an \/ Pe oI 1.192 2647 §,582 $A, 34 
)VERALL PERFORMANCE 
“IXxEQ EXIT CONDITIONS 
PUVZAPTIY VIS/VIL VIS/VIALK VI2/VIL-Y RI2/R)L TIS/T)1 OMEGA 
DF OF EU dyvoy RN) 2 OPS/ual DEV TURN 
a)Aaraji 
ater 4586 1.22) 2305 1,966 1,294 25’ 
2642 2,459 2639 1.7396 2O9e 7.51 30,515 ’ 
awed 
: f 
277 62531 G2 
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ARL STREAMLINE NO.10 - 3 TO 1 STAGE 
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® $.S 
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INLET MACH NUMBER 


4 965 
i} zo 4c 60 80 iS0 
PERCENT CHORE 04/12/79 
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SUPERSONIC COMPRESSOR CASCADE 
ARL STREAMLINE NO.10 - 3 TO 1 STAGE 


PROBE TRAVERSE BEHIND BLADE NO. 5S 
AXIAL PROBE LOCATION.INCHES., = 0.490 
CASCADE INLET MACH NUMBER = 1.460 


CASCADE STATIC PRESSURE RATIO = 1.965 
1.2 
© 1.0 
© ®® ® 
+- 50.8 ® g*rrr? ® 
x= ® © 
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2® 
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Ww 1.0 
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O20.901 2 & aaa 4 
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aa 0.7 2. 
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wy 40 
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a, © 00 
=” 30 oo gg 90099 
ee 20 © 
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ud 0 
0 20 40 so 80 350 
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APPENDIX G 
CASCADE DATA 


SPLITTER VANE POSITION = 48% 


P),/P), = 1.718 
P)>/P), = 1.786 
P)9/P), = 1.836 
P)/P), = 1.964 
P)o/P)) = £6013 


81 62531 
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COUN TO a : = 


SIIPERSMATC COMPRFSSNR CASCADE 


ARL STREAMLINE NO,30@ = 3 TO 1 STAGE 


SPLITTE? VANE 


SETTING ANGLE & 39,785 OFGREES 


CASCAOF INLET CASCANF THMFAL STATIC PeOrR PATA TAKEN 


PRORE AXYTAL 


MACK NUMBER PRESSIOF RATIO PERTIND RLAME LOCATION (IA,) 
1,462 1.712 4 249A 
MISCELLARECUS TEST SFCTION DATA 
PROF PRORFE PRORF TEST SECTICA TUNNEL TOTSL 
TANGENTTAL SPANWISE ANGLE ANGLE TEMPERATURE 
POSITION POSTTTON (PER, TAKC,) (REF. HORIZ) 
CIN.) (TN,) (NEG.) (NFG,) (MEG SR) 
“a 7, RAO 1,599 BR DBO 24,316 564,493 
@ 
RO 
SUPFRSONTE FLAW PROPERTIES ACF OSS LFANING wENGE 
an 
~ NOZ7LE + COMPRESSION WAVE DOKNSTREAM TOTAL STATIC 
FYITT = FXPANSTOA ANGLE MACH PRESSURE PRESSURE 
on MACH KO, CF FLOW NUMBER RATTO RATIO 
wo 
-_ 
1,520 1,167 43,102 1,460 1.408 1,789 
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CTORAR Jae AT 4 ma ™& Te 1 STARe 
PRESCUR Ta FOL SCANIVALVE e@ PSTA 
SCANT : SCAMIVAL VF SCANTVALVE SCAR TVALVE 
pf At ar 

. ° . . 

, 4 4 4 
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(1,27 A,2e58 17,996 KL 4e2 
OE ie e2o4 tt.76¢4 8,984 
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| SUPERSONIC CUMNPRESSOR CASCADE 
ARL STREAMLINE NO,1% = 3 TO } STAGE 

r 
CaSave PRYSICAL UCSIbN PARAMETERS 
| ST AGCEN Lnut Lace a EXIT TO INLET Exit TC INLET 
ANbLE PACING RATIU SPan RATIO SPAN RATIO 
| (une) (lin) (in) (6LaDe fait) (PROBE MEASURING PLANE) 
52.910 5.uu4 1,96) 2836 eole 2467 
INLET METAL ANGLE txIT Me TAL ANGLE 
ro Ss ML ML 
} (LUnGbreeS) (Ubtbe) 

61.417 65,479 63,446 22.534 


WOZZLE EXIT CUNDITIONS 
+ 
Ww 
[o 0] 
WJ PT)U TT ye M)O bETA)L 
1,500 2 _abe 561,479 y.273 05,6740 
CaS8CAve INLET CONDITIONS 
>] 
%~ 
- MNJ PT)1 TT BETA)I P)1 m)1 Q)1 
is) 
ry 
Leah 20.4987 561,679 66,590 5.914 0249 8,621 
1)55 4) 7L “NJ eel MN) VoL TT/T)1 PT/P)1 NR/1LO886 


4,371 $3.42 eo74 1,342 1-426 3.464 1.477 
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SUrRERSOLIC COPPRESSOW CASCADE 
aRL SOTReamML Ink NO,10 = 3 TO 1 STAGE 
CaSCALUEL JOEAL PERFORMANCE 
s4$¢60 ON SLIDEwWALL STATIC PRESSURES 
E) PRESSURE DATA PROM SCENT VALVE © PSITA 
SLANLVALVE DLANLVAL VE SCANIJVALVE SLCANI VALVE 
rURT nO, PuRT NC. 
? 3 “ d 
29 14,972 So 11,296 
29 Lieaes 45 11,.¢82 
e/ 11,220 07 11,?029 
ay Mt ebe2sd dy 11.1235 
o1 11,049 ay 11.4354 
taAN EXKLI RMS MeAW EXT) KMS TUBAL EXKJ1 CASLADE TOEAL 
STATIC Veviaflor plusePaASsalskt vbevlaTiaown MACH NO, STATIC PRESSURE 
PMO SOURKE STATIC PRESOUKE RATIO 
(PSia) iPSia) (P)2/sP)1) 
Lieve 0 U9 11,192 2 1 5S e979 1.876 


PLAUR TRAILING EDLE PRESSURES 


PRESSURE UATA FROM SCANTVYALVE @ PSIA 


SCANIVALVE SCANITVAaLVe SCANIVALVE SLANIVALVE 

Pi,RT NOe PORT NC, 
a 4 

$i Lli.2s/7 

33 11,¢e8 

35 11,219 

$7 11,216 

$y 11,276 

4\ 11,266 


meal TRaliLinG EDGE PRESSURE [PSIAa) 11.240 RMS DEVIATION A283 
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SUPERSONIC COMPRESSOR CASCADE 
ARL OTREAMLAINE NO.1K = §$ TO 1 STAGE 


STURWALL BUUNUSRY LAYtR BLEED PFRFURMANCE 


inmpTe SIlOewaALL SLUT PRESSURE = 2,161 PSIA 
} SCuTmM SlVeaacLt SLOT PRESSURE = 2-998 PSI 
' 
! 
, @: HOR TM SGLERU MANTFOLU PRESSURE =e 1,633 PSIA 
i w 
er SUUTM OLEED MANJFOLU PRESSURE = 1,05 PSIA 
bed Slucrw ALL eplhLetvy OkIFICL TemMPeRraTuRE 55,599 k 
pad 
} SALeEen aL OLEED UORTPICE PRESSURE = 1.422 PSIA 
i 
} SIVEweaLEL DLEED ORIFICE DELTA P = vb’ PSIA 
SiLVEwALL BOUNDARY LAYER BLEED FLOW RATE 28 e276 LB/SEC 
KATIO Gr BLEED TO INLET MASS FLOW RATE z eV 65 
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SURF RKSONLC COPPRESSOR CASCADE 
ARL STREAMLINE 00,14 © 3 TO 1 STAGE 


LNOTRUML VTE BLADE PARAMETERS 


PRESSURE SUCTION OPS/Q1 DPS/G1 rS/PT) 4 SS/PT)1 PERCENT 
oUnr ace SUrP aCe Crore 
(ro) S$) (PS) (55) (PS) 
i} 16.9515 Deda e900 =.418 Pate i | Padi! 13.6S 
12 13.056 52738 «08S - eld 2540 281 26.98 
io 12.412 Oe7¥2 Py et -.V14 oh6 Pe aon) 39,60” 
\/ Llievis 72125 Pad a 2137 el 2346 49,07 
ly LYVeQde avd eww 2220 004 0386 5/,8R 
21 e179 Ae um 0 O78) Jol 2448 2444 66.77 
20 Ra? at $,/49 s432 2Ada 2474 2476 73.43 
20 bi gtOs Luedd) 2976 2459 264 2499 61.77 
2/ lc.4e% iu ,004 2739 22d7 2007 eo2e AY .u5 
<? 11.024 11.2150 »04/ 24a 2D67 2244 90,92 
1i.2247 112247 «605 2605 249 204y 1au.0¢ 
FC rO)X FCDY BETA)? O34 GbE7 4 MU)LE 
e340 ~.c91 e)o7 e32e./750 -.0 dy e045 e113 
SPLITTER VANE PARAMETERS 
PRESSURE SUCTION DPS/u1 DFS/W1 PS/PT)1 SS/PT)1 PERCEAT 
SURF ALE SURF aCe CRORE 
(PS) (oo) (P3) (Ss) (FS) 
40 15,065 ¥,eul 2815 2377 2DSY 2451 95.57 
a. 1eo2e1 72031 =,404 ele7 289 2343 11.62 
a/ 2.4) -.43535 el¥2 
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LoMreRCSSOR 


CASC 
= 3 TO 1 


PT)2 
v)2 
P)SP 


138.234 
BEY, 36] 
12,159 


148,330” 
844,207 
12,28 


145.913 
B64,239 
12,107 


15,946 
741,553 
11.914 


17.3543 
632,045 
11.991 


18,396 
654,267 
12.179 


16,273 
682.798 
12,258 
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STAGE 


tExTT RPERPORMANCE 


P)e@ 
PT)N 
RBETA)P 


11.784 
24.993 
-3,/59 


11.781 
24.918 
2.9276 


11.7% 
ev.54¢ 
=1./717 


11,868 
24.912 
=5,054 


11,664 
20.59 
=5.576 


41,824 
24.492 
“4,119 


11,007 
20.545 
#2.965 


rT)E2/PTI1 
PT)0 
FT)1 


2398 
2¢.482 
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ee, 4g) 
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2579 
20,498 
av .518 


780 
2¢,459 
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2847 
24.479 
2¢,493 


2398 
22,449 
20,477 


2892 
20.476 
2v.49¢ 


GETAIS 
PTIO,7A 
iT)1 


78,691 
2v,493 
564.734 


29.522 
20,502 
567.734 


38.733 
euv,.519 
566.734 


27.396 
24,486 
560.734 


26,574 
2u,ag4 
560,734 


28,331 
20.470 
564,734 


29,485 
24,491 
560.734 
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SUPERSUNIC CUMPRESSOR CASCADE 
AXL SikramMLIN& NO,1% 


LoULAaAL CASUAUE 


InNJe 
TjmN 
PTF 


afte. 
96,965 


12eud3/ 


2/29 
99,.¢ey4 
12,409 


af &T 
34,495 
12.131 


2204 


32,0777 
\2<416 


21s 
IJ.ee/ 
i2 ° suv 


2992 
23,0935 
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Vad Kod 
M)2 
P) oP 


e575 
o%27 
12,463 


Pato R® | 
2425 
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eSV8 
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12,242 


etee 
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e41e 
e818 
12,443 
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MivJY¥,2 
VP)1,2 
PUNY 


2 388 
2.979 
12.3555 
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Zeril 
12.424 
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4.c4a7 
12249 


OetSY 
12.169 
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11.971 


EXIT 


$ TH 1 STAGE 


PT)2 
v)e 
PySP 


17.948 
854,329 
12.274 


17.576 
534,307 
12,265 


eo 


17.149 
792,470 
12.514 


19,244 
734,604) 
12.3501 


14,449 
584,346 
12,165 


13,133 
404,249 
12,077 


PERFORMANCE 


P)e 
PT)N 
ucTayP 


11.991 
2v,524 
2. DAY 


12,00) 


24,318 
_<1,894 


12,140 
20,922 
=,495 


12.127 
24.9%0 
1.723 
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4,178 


12,52 
2u.921 
5,917 


rPT)2/PT) 1 
FT)0 
FT)4 


2874 
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20.477 
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2?.455 
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SUPERSONIC COMPRESSOR 


STREAMLINE NU,1LA 
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e75Sé 
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11.921 


eldy 
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12,45¢ 


0226 
4./66 
Leet 11 


e2t/ 
VellY 
12.287 


2356 
1,996 
12.473 


2969 
1,685 
12.9246 


CASCADE 


$ TO 4 STAGE 


12,762 
241,577 
12,401 


15,479 
$99,251 
12,454 


13,68 
489,447 
12,44 


14,455 
982,315 
11,944 


15.721 
695,437 
11,597 


17,3608 
810,554 
11,916 


18,489 
862,281 
12.404 


16,832 
945,953 


12.57% 
24.496 
25.734 


12,44 
2,919 
“15.145 


11.989 
2H .911 
=13,587 


12,466 
224,5"9 
=12.946 


12.86 
2v.524 
11,424 


12.13% 
20.9138 
#9 ,dVb 


12,034 
202916 
7.741 


11.942 
av.9%8) 
#6.,9271 


2623 
27.442 
2¢.463 


2538 
20.498 
27 .5u8 


2664 
27.515 
20.513 


0726 
2¢ 2493 
27.520 


0767 
27.489 
27,506 


2348 
20.475 
22.493 


0982 
20.467 
22.491 


e919 
20.479 
20.489 


55,1484 
24,470 
S6”,39¢ 


17,3V5 
24,508 
564,734 


18,863 
20.515 
S6é”4,39¢ 


19,94 
24.574 
560,397 


21,426 
20,507 
564.734 


22,954 
20,494 
560.396 


24,79 
20,492 
562,734 


25,929 
20.490 
$60,734 
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SUPERSONIC CUMPRESSOR CASCADE 
ARL STREAMLINE 60.12 = $ TU 1 STAGE 


MASS AVERAGEU EXIT CONDITIONS 


MN)2 reTA)e PI)Z/PT)1 


744) 25,uu9 2327 


LCASCAVDE FEAILT PARAMETERS 
caScu ON MASS AVERALED CONDITIONS 


in) Yee PI)e F)e TT)e2 TT)2/7)2 


ePd] 16,930 12,164 de1.¢79 1,“99 


MIXED EXIT CUNOITIONS 


IN) Yee rie Pile T1)2 TT)2/7T)2 


ved 160,57 12.074 561,479 1.8¢ 


“)2/6)1 


Se!) 


wRI2 PETAI2 


O31 31,024 











SURFERSONIC COMPRESSOR CASCADE 
AKL STREAMLINE NO,14 = $ TO 1 STAGE 


OVERALL PERFORMANCE 


M&SS AVERAGED EXIT CONDITIONS 


P)2/F)1 PTJS/FPT)1 VIS/VI1L VISZV)1,X VJ!S/V)1aY RJ2/R)1 TI2/T)1 


TPLP vt OF Jets uv) Y RN)2Q DPS/O4 DEV 
VeTAIL mi) elm) 
cet r/ ete? en4ay leviaa e281 1,589 1.298 
0457 2625 2e19v 266) 1.458 72S 6.47] 
19-626 avril 


OverAlLl FERFORMANCE 


MIXFU EXIT CONDITIONS 


P)EsP)L PTpesRTIL VY 2/VI1 Vi esVJ 1k VI2/VIL5Y RI2/R)1 TIe@/T)1 


[PLP ur OF JEY UV)Y KN)? OPS/G1 DEV 
SeT&)L A)era)l 
eei4s 2 SUS 0 AG/ 1,063 2278 1,622 1.321 
e401 ose 2.426 2068 2966 2766 6.497 
“uu eo06Yy 
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SUPERSONIC COMPRESSOR CASCADE 
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